Te ee 
iil nih Te (2) 


pissed RESEARCH LABORATORY 


Closed-Chamber Analysis of 
M5 Propellant Lot RAD-64597 


William F. Oberle 


June 1993 


DTIC 
S“D 


APPROVED FOR PUBLIC RELEASE, DISTRIBUTION IS UNLIMITED. 


98 6 29 027 wins 


NOTICES 


Destroy this report when it is no longer needed. DO NOT return it to the originator. 


Additional copies of this report may be obtained from the National Technical Information 
Service, U.S. Department of Commerce, 5285 Port Royal Road, Springfield, VA 22161. 


The findings of this report are not to be construed as an official Department of the Army 
position, unless so designated by other authorized documents. 


The use of trade names or manufacturers’ names in this report does not constitute 
indorsement of any commercial product. 


Pune report 75 Durden for Ths comection Sf information 5 estimatad ic 4 
gathering ane maintaining the data needed, and cOMOIEUAG 3NF rave 

CoHection of information, iACiUdING sugzesticns tor regucieys is Duraer ¢ 
Davis Highway, Suite 1204 Aringtan. «5 22202-4302 and tc tna Orta 


form Approved 
REPORT DOCUMENTATION PAGE 


4. TITLE AND SUBTITLE 5. FUNDING NUMBERS 
Closed-Chamber Analysis of M5 Propellant Lot RAD-64597 


DA311880 
1F279W 
. AUTHOR(S) 9XD653 


William F. Oberle 


. PERFORMING ORGANIZATION NAME(S) AND AODRESS(ES) 8. PERFORMING ORGANIZATION 
REPORT NUMBER 


U.S. Army Research Laboratory 
AMSRL-WT-P 
Aberdeen Proving Ground, MD 21005-5066 


. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSORING / MONITORING 
AGENCY REPORT NUMBER 


U.S. Army Research Laboratory 
ATTN: AMSRL-OP-CI-B (Tech Lib) ARL-MR-83 
Aberdeen Proving Ground, MD 21005-5066 


11. SUPPLEMENTARY NOTES 


12a. DISTRIBUTION / AVAILABILITY STATEMENT 126. DISTRIBUTION CODE 


Approved for public release; distribution is unlimited. 


13. ABSTRACT (Maximum 200 words) 


This report documents the BRLCB bum rate analysis performed on M5 Lot RAD-64597. 


: 134 
closed bomb, burning rate, propellants, closed chambers 


17. SECURITY CLASSIFICATION [| 18. SECURITY CLASSIFICATION ]|19. SECURITY CLASSIFICATION | 20. LIMITATION OF ABSTRACT 
OF REPORT OF THIS PAGE OF ABSTRACT 


UNCLASSIFIED UNCLASSIFIED UNCLASSIFIED SAR 


NSN 7540-01-280-5500 Standard Form 298 (Rev 2-89) 
ce! aged By ANS! Std 239-18 


INTENTIONALLY LEFT BLANK. 


TABLE OF CONTENTS 


Page 
LIST OF FIGURES: 3); nccconc Bees Ga elven & detache dedia sii a ha Ha ee OS ¥v 
LIST - OF TABLES eb hiss eae SE Se ean oe oe bots Bastol gab vii 
INTRODUCTION (3:23 oes cerce nb dl eas sis Pe ne ed cee ees I 
PROPELLANT PHYSICAL PROPERTIES ..............0... 000 cue eeeees | 
EXPERIMENTAL CONFIGURATION ............ 0.2 ccc cece ce eee eee 3 
RESUETS is seen end Se Os See Beg BR ie des oh Ses 4 
REPEATABILITY AND COMPARISON OF BURN RATES ................. 18 
CONCLUSIONS AND OBSERVATIONS ..............0 cee eee eee eee eas 21 
APPENDIX A: PROPELLANT DESCRIPTION SHEET .................... 29 
APPENDIX B: CLOSED-CHAMBER INFORMATION SHEETS ............. 33 
APPENDIX C: QUICK SUMMARY SHEETS ............0 00.2000 ccc ueeue 41 
APPENDIX D: BRLCB RESULTS FOR TRACK 1 ................-0.000. 49 
APPENDIX E: BRLCB RESULTS FOR TRACK 2 ............0....000000- 63 
APPENDIX F: BRLCB RESULTS FOR TRACK 3 ...............-.00008- 81 
APPENDIX G: BRLCB RESULTS FOR TRACK 4 ................ 000 ceee 99 
APPENDIX H: BRLCB RESULTS FOR TRACK 5 ..............-..0.000: 113 
APPENDIX I: BRLCB RESULTS FOR TRACK 6............ 00.00 cc eeuee 127 
DISTRIBUTION LISD) 6 sacs Hh oo Bids era eae Wi ede ate ek ease as 141 
p ACE et FO 
a meg 
bil 8 
Wise $ 
| drut 
BIC: - pe ee 
aD 3f aes 
Di~tabutro. f 
~ Avatanity Codes 
iii —- 7h oapeenemeanet 
); Ava ooatior 
Dist Special 


INTENTIONALLY LEFT BLANK. 


iv 


LIST OF FIGURES 


Pressure history for Track 1 firing ......... 0... cece eee ce eee eee 
Pressure history: for Track: 2Tine o. 6/03: 9:4 Wiese ew HES ae BENET VE OER ES 
Pressure history for Track 3 firing .........0 0... cece eens 
Pressure history for Track 4 firing ........... 0... eee cnet e eee eee eens 
Pressure history for Track 5 firing ......... 0... cee cece eee ee eee eee eee 
Pressure history for Track 6 firing ........... 0. . cece eee eee eens 
Log-log plot of bum rate vs. pressure, Track 1 20... 0. ee eee 
Log-log plot of burn rate vs. pressure, Track2 ......... 200-0 e eee eee 
Log-log plot of burn rate vs. pressure, Track 3 0.1... 2. eee es 
Log-log plot of bum rate vs. pressure, Track 4 2.1.1... ee eee 
Log-log plot of bum rate vs. pressure, Track5 .......-... 0... e eee ee eee 
Log-log plot of bum rate vs. pressure, Track 6 «1.6... 0... cc eee ee eee 
Overlay of log-log of bum rate vs. pressure, Tracks 1-3 ......... Baus yatta: 
Overlay of log-log of bum rate vs. pressure, Track 4-6 .............-..0..08. 


Comparison of DUM fates scars aS Reda ee ie oe PE Whee BR HR wh wre Oe 


INTENTIONALLY LEFT BLANK. 


vi 


LIST OF TABLES 
Table Page 
1. Composition of M5: Lot RAD-64597 0... 6 66. ce eee 2 
2 Thermochemical Properties for MS: Lot RAD-64597 as Computed by BLAKE .... 2 


3. Grain Geometry for MS: Lot RAD-64597 Utilized in the APTB Experimental 


PROPANE 6 Sek oe eth Oe ase CTE PS a et ere Rhea eee 2 
4. Information for the Pressure Transducers Utilized in the Closed-Chamber Firings ... 3 
5 Propellant and Igniter Masses Utilized in the Firing Series ................... 4 
6. Observed and Theoretical Maximum Pressures... 2.0.62... eee eee ee 5 
7. Parameters for r = bP” Bum Rate Laws, r (cm/s) .......-.- 0.020 18 
8. Average Coefficient and Exponent for Tracks 1-3 and Tracks 4-6 .............. 21 


9. Comparison of Burn Rates Using Average Values for the Coefficient and Exponent, 
ETOCS tad Ste Si ahi Sea a eee ete Lee Be ON REG Ae EG OR al are 24 


10. Comparison of Burn Rates Using Average Values for the Coefficient and Exponent, 
TYRCKS 462052 cio 2 h2O Bi din yee ie BARRA N RGR RAR EE SORES 25 


11. Comparison of Average Bum Rates, MS Lot RAD-64597 at Loading Densities of 
0.25 géom? and 0.35 g/cm? «0... cc ccc ce eee cette neeeeees 26 


INTENTIONALLY LEFT BLANK. 


viii 


1. INTRODUCTION 


The Advanced Propu'sie . Fechnology Branch (APTB) of the Propulsion and Flight Division (PFD) 
is currently engaged in the investigation of both liquid and solid propellant electrothermal-chemical (ETC) 
propulsion concepts. A major goal of this technology investigation is to demonstrate that ETC propulsion 
offers »emormance advantages (increased muzzle kinetic energy) in comparison to conventional solid 
propellant performance. To experimentally quantify differences in performance between ETC and 
conventional solid propellant technologies requires optimization of the propelling charges. For solid 
propellant ETC (SPETC) such an optimization requires an accurate knowledge of the buming 
characteristics (linear bum rate) of the propellant. For the APTB expenmental program, one of the 
baseline solid propellants will be MS, lot RAD-64597. 


In this report, results of the closed-chamber linear burn rate analysis of M5 propeliant will be 


presented. 


2. PROPELLANT PHYSICAL PROPERTIES 


MS is a double base, nitrocellulose and nitroglycerin, propellant. The specific lot utilized in the 
experimental program, RAD-64597, was produced in 1966 by the Radford Army Ammunition Plant, 
Radford, Virginia. Table 1 provides the propellant composition as provided by the manufacturer (sec 
Propellant Description Sheet, Appendix A). Although the sum of the percentages exceeds 100% 


(102.19%), this is an artifact of the reporting process utilized by the manufacturer. 


Thermochemical properties for the propellant are obtained using the thermodynamic code BLAKE’ 
based upon the constituent list provided in Table 1. However, the percentages are normalized to 100%. 
For example, the percent used in BLAKE for nitrocellulose is 79.9% (81.65/102.19). The BLAKE results 


are given in Table 2. 


‘Freedman, E. “BLAKE - A Thermodynamics Code Based on TIGER: User's Guide and Manual.” BRL-TR-02411, U.S. Army 
Ballistic Research Laboratory, Aberdeen Proving Ground, MD. July 1982. 
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Table 1. Composition of MS: Lot RAD-64597 


[—conainen | Pome | 
Paanun iva [it | 


33 
[Moisure | 0:30 
Total Volatiles 
Graphite Glaze 


Table 2. Thermochemical Properties for M5: Lot RAD-64597 as Computed by BLAKE 


Flame Temperature | 3397 K 


Fipes [85 


Note: Propellant density was measured to be 1.65 g/cm’. 


Table 3. Grain Geometry for MS: Lot RAD-64597 Utilized in the APTB Experimental Program 


The grain geometry was cylindrical with a single perforation (i.e., 1-Perf). Specifics of the grain 
geometry are provided in Table 3 (also see Propellant Description Sheet, Appendix A). 


3. EXPERIMENTAL CONFIGURATION 


Six firings, which will be referenced as Tracks 1 through 6, of the M5 propellant were performed al 
the PFD High-Pressure Closed-Chamber Facility by Mr. William Aungst in November 1992. The closed 
vessel had an internal volume of 209 cm?. The pressure data was recorded (as voltage) for each individual 
firing by a single Kistler 607C4 pressure transducer mounted in the chamber wall. Subsequently, the 
voltage data was converted to pressure units using an option of the closed-chamber data analysis program 
BRLCB? BRLCB utilizes a second order fit, 


Pressure (MPa) = A + B*X + C*¥X*X 


where X is the voltage data converted to pico-columbs and A, B, and C are calibration constants 
associated with each pressure transducer. Table 4 gives relevant information conceming the pressure 


transducers utilized in the closed-chamber experiments. 
Table 4. Information for the Pressure Transducers Utilized in the Closed-Chamber Firings 
Firing A Cc Date 
ID Calibrated 


C13788 5.3714E-1 | 5.2948E-2 | -8.8281E-8 | 10 May 91 
Tracks 2-6 | 2.015720 | 5.2474E-2 | -1.2544E-7 | 21 Apr 92 


As mentioned previously, six closed-chamber firings were performed in the experimental series. The 
first three firings (Tracks 1~3) had a nominal loading density (mass of propellant/closed-chamber volume, 
1d) of 0.25 g/cm’ while the final three firings had a nominal loading density of 0.35 g/cm’. In all firings, 
the igniter mass was 1.5 g. Specific details of the propellant and igniter masses are presented in Table 5 
(see also Appendix B, Closed-Chamber Data Sheets). 


Oberle, W. F., and Kooker, D. E. “BRLCB: A Closed-Chamber Data Analysis Program, Part I—Theory and User's Manual.” 
ARL-TR-36, U.S. Army Research Laboratory, Aberdeen Proving Ground, MD, January 1993. 
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Table 5. Propellant and Igniter Masses Utilized in the Firing Series 


Propellant Id 
(g/cm) 


Tis | sae | e200 
Pas) ase 
ra 

[ree [1s | rato | ossiez— 


4. RESULTS 


Figures 1-6 show the pressure histories (pressure vs. time) recorded for the six firings. As can be 
observed from the figures, the pressure histories appear to smooth with litle or no evidence of longitudinal 


or radial pressure waves. 


The pressure histories, physical properties of the propellant and closed vessel were utilized as input 
to the closed-chamber data reduction code BRLCB in order to detcrmine the propellant's apparent linear 
regression or bum rate. Preprocessing (prior to the bum rate calculation) of the pressure-time data 
included wildpointing and smoothing. Due to the "smoothness" of the pressure histories, Figures 1-6, no 
da.a points were modified by the wildpointing process. Smoothing was performed utilizing a “fixed 
bridge” of length 15. Details of the wildpointing and smoothing algorithms can be found in the report 
by Oberle ar? Kooker. 


For the bum rate calculation in BRLCB, the difference between the observed maximum pressure and 
the theoretical maximum pressure is used as a measure of the heat loss which occurred during the closed- 
chamber firing. For a typical double base propellant, such as M5, heat loss is generally 5%-10%. 
However, in this series of firings, the heat loss was substantially below these levels (see Table 6). In fact, 
for the first two firings, Tracks 1 and 2, the observed maximum pressure was actually greater than the 


theoretical maximum pressure (a physical impossibility). Generally, this indicates either an error with the 


Table 6. Observed and Theoretical Maximum Pressures 


Theoretical 
Max Press 
(MPa) 


pressure transducer (calibration or physical) or a discrepancy between the actual propellant 
thermochemistry (impetus, flame temperature, etc.) and that utilized in the data reduction code. If the 
discrepancy is in the thermochemistry, this normally results from the propellant not having the physical 
composition as stated on the Propellant Description Sheet (used as input to the thermochemical code). 
Without a new chemical analysis of the propellant, there is no way to rectify this discrepancy. If the 
discrepancy lies with the pressure transducer, attempting to correct the pressure-time data is extremely 
"risky" since it is often difficult to determine when the transducer went "bad". Fortunately, if the 
thermochemistry used in the closed-chamber reduction code is utilized in interior ballistic performance 
codes together with the derived propellant bum rates, little effect is observed? regardless of the source 
of the discrepancy. However, in a direct comparison of propellant bum rates from other experimental 
firings, the low heat loss values should be recognized. In the BRLCB bum rate reductions, the heat loss 
for Tracks 1 and 2 was set to zero; Tracks 3~6 used the value of heat loss shown in Table 6. 


The one-page summary of the BRLCB reduction for each firing is provided in Appendix C. The 
complete BRLCB output is given in Appendices D through I. Log-log plots of BRLCB deduced bum rate 
vs. pressure for each firing are shown in Figures 7-12. No filtering (FFT) of the bum rates was 
performed. From a comparison of the six graphs, it is evident that there is more wave structure on the 
first three firings (Tracks 1-3, Figures 7-9) than on the last three (Tracks 4-6, Figure 10-12). The lower 
propellant loading density for Tracks 1~3 (0.25 g/cm? vs. 0.35 g/cm? for Tracks 46) and the resulting 
increased initial ullage in the chamber is the most likely cause of the increased wave structure. 


3Robbins, F. Private communication. U.S. Army Research Laboratory, Aberdeen Proving Ground, MD, 1987. 
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Also, it appears that for all six burn rate graphs, the bum rate is fairly linear from approximately 
20 MPa to peak pressure. This region for each firing will be utilized to compute the coefficient (b) and 


exponent (n) for the traditional bP” burn rate law. This information is presented in Table 7. 


Table 7. Parameters for r = bP" Bum Rate Laws, r (cm/s) 
Exponent (n) 


———— cm/s- — (-) 

| 30-280 0. | 9.207218 0.8724 
ee a 
0.7902 
[mas [sea asst | 


5. REPEATABILITY AND COMPARISON OF BURN RATES 


An overlay of the log-log of bum rate vs. pressure for the first three firings (Tracks 1-3) is given in 
Figure 13. A similar overlay for the last three firings (Tracks 4-6) is presented in Figure 14. In both 
figures, repeatability in the bum rate is very good above approximately 20-30 MPa. For Tracks 4-6, the 
agreement in bum rate is excellent across the entire pressure range. The better repeatability of the last 
three firings may again be due to the higher loading density used for these firings. 


Given the repeatability demonstrated for the bum rates in Figures 13 and 14, an average bum rate 
(bum rate law) for Tracks 1-3 and Tracks 4—6 will be used for the burn rate of this lot of MS propellant 
at the appropriate loading density. Values resulting from averaging both the coefficients and exponents 
are given in Table 8. In general, averaging the coefficients and exponents to obtain an average bum rate 
is not recommended. A better procedure is to average the tabulated bum rates at the same pressure and 
then determine the appropriate bP” burn rate law using the average values. However, considering the 
repoducibility between the firings (Tracks 1-3 and 4-6) using the average of the coefficients and 
exponents is felt adaquate as shown below. 
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Table 8. Average Coefficient and Exponent for Tracks 1~3 and Tracks 4-6 


Coefficient Exponent 
cm/s-MPa”™ (=j 
Tracks 1-3 0.221598 0.8598 


Tables 9 and 10 compare results from using the average values for the coefficient and exponent with 
the coefficient and exponent values deduced in BRLCB for each firing. The percentage difference 
between the bum rates for each track and the average should not be taken as measure of the "goodness" 
of using the average since the true value of the bum rate is not known. The data is provided for reference 


purposes only. 


Figure 15 compares the bum rates for the first three firings with those from the last three firings (one 
curve from each set of firings). Below 20 MPa, a significant difference in the bum rate values is 
observed. However, above 20 MPa to the maximum pressure of the firing with a loading density of 
0.25 g/cm’, the agreement in bum rates appears to be better. A comparison of bum rates computed for 
each group (Tracks 1-3 vs. Tracks 4-6), using the average values from Table 8, is given in Table 11. 


As can be observed in Table 11, the difference in the bum rate between Tracks 1-3 and Tracks 4-6 
is approximately 5%. This difference in bum rates is not unexpected when comparing bum rates of the 


same propellant at different loading densities. 

6. CONCLUSIONS AND OBSERVATIONS 

Samples of MS were fired in a closed chamber at loading densities of 0.25 g/cm? and 0.35 g/cm’. 
The recorded pressure histories, in combination with the propellant and closed-chamber physical properties 


were utilized as input to the closed-chamber data reduction code BRLCB. Observations and conclusions 


from the bum rate analysis are listed below. 


1, Pressure histories for the six firings exhibited minimal or no pressure waves. 
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2. Unusually low heat loss values were obtained for all firings. This indicates an error in the pressure 
transducer or a discrepancy in the thermochemical values used in the data reduction with the actual 


thermochemical properties of the propellant. 
3. The deduced bum rates for the firings at a loading density of 0.25 g/cm? exhibited greater wave 
structure than the burn rates for the firings at a loading density of 0.35 g/cm?, This is most likely a result 


of the additional initial ullage associated with the 0.25 g/cm? loading density firings. 


4. The log-log graph of burn rate vs. pressure is nearly linear between approximately 20 MPa and 


maximum pressure for all firings. 
5. Repeatability among the firings of the same loading density is good. 


6. A comparison of the burn rates between the 0.25 g/cm? and 0.35 g/cm? loading density firings 
indicates a difference of about 5% in the computed rates. 
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Table 9. Comparison of Bum Rates Using Average Values for the Coefficient and Exponent, 
Tracks 1-3 


| es | BR BR BR BR % Diff Dit 
Press Tk 1 Tk 2 Tk 3 Avg Tkl-Avg Tk2-Avg Tk3-Aveg 
(MPa) (cm/s) (cm/s) (cm/s) (cm/s) (%) (%) (%) 

| 30 | sore | 4.2706 | 40339 | 4z60 | 239 | 348 | -225 | 
| saree | sao | sas67 | s2ea7 | -208 | 270 | -185 | 
| so | 62804 | 65360 | 63034 | oom | -176 | 209 | -155 
| 6 | 73737 | 76083 |__73920 | 740 | -156 | iso | -129 | 
| m | sass: | aosio | sasre | ssa | 135 | 1s | -108 
ga773 | 9.661 | 9.506 | 9590s | -118 | 082 | -o90 | 
| 10.6661 | 105349 | 106127 | -103 | 050 | -073 
[i644 [115508 | sie | -o90 | 022 | -059 | 


| 233089 | 239161 | 23.7783 | 


1,97 


8 


| 009 

| ois | 

24.7129 | 24.1503 | 24.8222 | 24.6645 | 0.20 

as.c089 | 249859 | 25.7236 | 25.5456 | | -219 | 070 
| 25iso | 266205 | 26.4217 | 0.75 
27.3873 | 266405 | 275130 | 272931 | 03s_| -239 | 081 
282702 | 274601 | 284014 | 28.1600 | 039 | 249 | 
29.1490 | 282749 | 29.2857 | 29.0226 | 04s =| -2:58_| 
zoe | 30.1662 | 298810 | 048 | 266 _| 


| 90 | 10.5029 | 
| too | sia |. 
| uo | 1asias | 260 | 125500 | roa | -o78 | -003 | -045_| 
| 120 [sso | 135552 | 13547 | 13.5008 | -o67 | -026 | -033_| 
| 130 | s4a7se | 14.4900 | 14so70 | sass | -o57 | -o47 | -022 
| wo [1saaze | is41z9 | 154088 | issi70 | -o48 | 067 | -012 
| 180 | 6400 | 163249 | 164519 |_ 16.4653 | -o40 | -o85 | -002 | 
| 160 | 73501 | 172268 | rz | zane | -o31 | -102 | 007 _| 
| | 1294 | reso | e645 | 183361 | -026 | -118 | 
| 180 | 19.2277 | 19001 | 193050 | 19.2597 | 017 | -133_| 
| 190 | 2o1s64 | 9787 | 202x609 | 20172 | -o10 | -147 | 031 
| 200 | 210788 | 20.7467 | 21.1667 | 210859 | 003 | -161_| 
20__| 219954 | a1co7s | 22.0886 | 219893 | 003 | 174 _| 
220 | -186 | 052 
| 24.7129 | 
| 25,6089 | 24. | 025 | 


08 
0.86 


N 
J 


[ 


31 
24 
.03 
0.25 
0.35 
0.48 


0.95 


Table 10. Comparison of Bum Rates Using Average Values for the Coefficient and 
Exponent, Tracks 4-6 


Tki- oe Th Ave Tk3-Avg 
(MPa) (unis na (enis) can) (%) (%) (%) 
see ti i et fants <b fo 
sarge | 5.7490 | 57681 | s7e| 067 | 056 | 023 | 
[soon {orm [anor [esa {ous [aan [or 
7.9861 79918 | 032 _| 
v_| sosee | sover | some | sos | oie 
10.0560 
Case [vate [a [oem [oe 
| 12.0049 | 12.0165 | 12.0178 | 120177 | 011 _| 
fase» be [sms 12.9682 | ~0.19 
| 13.8652. | 


ef set roe Tamar [ee ewe [oe [oo 

| 150_| 16.5309 | 166517 | 166300 | 166132 | -o45 | 023 | 

| 170_| 18.25e2 | r84io0 | 183839 | 183597 | -o5s | os | 013 _| 

|_180_| r9.01g | 19.2827 | 192453 | 92172 | -o6 | 0% | ors _| 
RE ee 

te meen [rns { soon 1 nso | oop {oan [our 

he aisnen basso | ours | ours | ors 
"sen [aan 


BIR IS Io 


N 

8 
ee 
Ww 

8 

> 

g 

B |S 
in Tn 
Sa 
aan 
ae 
oS 

: iy 


5 


as 


an [erm [aon [aa [ame [am 
Po 


27.0833 su frrans [me {oer [os] 
28.3023 | 
9765 | 28. 


29.8625 


| 304264 | -1 


3 
R If 
& |: 
[<] 
i 
£ 
‘ ° 
F 


S |i 
‘oO 


a 
g |e | 
8 (3 [3 
= 13 [a [8k 


— 


25 


Table 10. Comparison of Bum Rates Using Average Values for the Coefficient and 
Exponent, Tracks 4-6 (continued) 


BR BR BR BR Diff Diff Diff 
Tk 2 Tk 3 Avg Tki-Avg | Tk2-Avg Tk3-Avg 
(MPa) | (cm/s) | (cm/s) | (cm/s) (cm/s) (%) (%) (%) 


| 330 | sosei | 314031 | 31.2756 | site | -111 | 07 | 030 _| 
| 340__| 31.5742 | 32.1666 | 32.0326 | 319358 | -113 | 072 | 

|_3s0_| 323058 | 32.9256 | 32.7852 | 326038 | -116 | 074 | 031 _| 
[_ 360 | 33.0330 | 33.6904 | 33335 | s3.4z75 | -11e | 076 | 032 | 
| 370 _| 33,7560 | 34.4312 | 342777 | 416 | -120 | 077 | 032 _| 
| 380_| 3479 | 35.179 | asor78 | 349005 | -123 | 079 | 033 
| 390__| 35.1898 | 35.9209 | 35.7542 | s5e3a1 | -125 | ogo | 034 
| 400__| 35.9009 | 36.6601 | 364867 | 363619 | -1.27 _| 


|_420__| 371m | 38.1279 | 379411 | 37.8067 | -131_| 
| 430 | sgor2 | se8s66 | 38.6631 | 38.5239 | -133 | 086 


Table 11. Comparison of Average Bum Rates, M5 Lot RAD-64597 at Loading Densities of 
0.25 g/cm? and 0.35 g/cm? 
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Table 11. Comparison of Average Bum Rates, MS Lot RAD-64597 at Loading Densities of 
0.25 g/cm? and 0.35 g/cm? (continued) 
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Table 11. Comparison of Average Bum Rates, MS Lot RAD-64597 at Loading Densities of 


0.25 g/cm? and 0.35 g/cm? (continued) 


BR 
Tk 3 
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= 40.7213 38.5161 5.73 
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APPENDIX A: 


PROPELLANT DESCRIPTION SHEET 
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C PROPELLANT DESCRIPTION SHE 
(AMER 715.509) 


KAW . V9.9, 
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MANUFACTURER OF PROPELLANT 
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rewes °c. PROCESS-SOLVENT RF.COVERY ANO DRYING ET Oe 
fT S”™*~*~s:~S*é‘(‘COCW#@RGis@ temperature 2°F per hour until 14U"F it reac a ae 
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te eae 
2 ‘NO. OF PERFORATIONS 
tee OF GRAINS PER POUND © 


BURNING SURFACE PER POUND (aq. inchea) 
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Dive eee Finisuen Ei 22-66 = a TE ONSCmPtiON SHEETS Fomwamceo 1] January 190/ 
TYPE OF PatKiNnG qa _IVSS 

"PRON - A T=6-F 0108-U3-F O= 

wevanns TRIN OS IT 
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echnical .De 
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oe. rie Se— WN oe, we INI : 


ae rere 1087 U 
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APPENDIX B: 


CLOSED-CHAMBER INFORMATION SHEETS 
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INTENTIONALLY LEFT BLANK. 


Date: Pre) 77a) 92- 


Firing Record Number: 


INFORMATION SHEET FOR 4 
t 


EE 


Project; 

Poc: Ste Re 

Series Run Number: ( : us 
fOts | 

Propellant or Sample Type:_ MS Lot Number: 64 577-5 


Impetus: “U3 [X/03 Sample or Grain Dimensions: 
Sample Weight; SUY¢L Sample Treatment:_ (SAG >D 


taniter: 4S au (2g) Igniter Weight: aS O 


Closed Bomb Used: COF 


Relevant Information: 25. Ga ( NTA ap) 


. MIO = /baes 


P (Calc): S$ZX 10? PSs Sampling Rate: U/@ Z= ZRHS 
Marx 
Gauge #1: r37Zy (.(33) . Sensitivity; 


Gauge #2: Sensitivity: 


Disc Identification: LED, (Niet } 


: Gauge 


Tracks used: MLC 4 Trigger Ly Vv Vv 
we V in as 
V out 6.06 
Range XO” aie 
= 33779K MWeas4ee SO — , 
¥ = 1/093 V4 PEhes CUS SSK 0" PS, \ 
2 » 184 a 


xX: Ff. aas& - 


INFORMATION SHEET FOR NDT 
{ 


Date: 23} bye 


Firing Record Number: 


Project: 


Poc: SS 7oB iE 


Ler7reteuav 


Series Run Number: 


Propellant or Sample Type: fh -5 Lot Number: 6459:7- S 


Impetus: 4 3C1 x107 Sample or Grain Dimensions: 
Sample Weight: $2.-4 366 Sample Treatment: feede _ 
rgniter:_l-S em (ats) ; Igniter Weight: 1.5% gm 
Closed Bomb Used: 29 if 

a l nalevabe Information: CE PRE URE. TRANSDUCERS | tRAVSDUCG ER Ser k 


fe 


ae ~ Miles 0 us 
F (Calc) :_ g 2 J PS/ Sampling Rate: A/¢2Z< af ZA. S 
Marx 


Gauge #1: L4440 Sensitivity~_. 


Gauge #2: Sensitivity: 


A OTD, 


Disc IdentificationxORZRiLE Di Lnist 
#1 #2 


Gauge 


Tracks used: a Ls 1 aati Vv M4 ! 
F in - 
Wie? Vv Cau noo. ee | 
Range Fae 2 
Full Scale 


areata 


602 Sox 109 PS, 


36 
v 


nee g2ez- 


INFORMATION SHEET FOR INDI 


Date: 2-Ajou 72 


Firing Record Number: 


Proj ect ee 


POC: 7 S 7¢@/E 


Mie 1 Orcs 


Series Run Numbers. 


Propellant or Sample Type: (4 .4~ Lot Number: 6459 LS 
Impetus: 3éix le? Sample or Grain Dimensions: 

Sample WeightiGI-JSCH Sample Treatment:_Q, sed | 
Igniter: it } Igniter Weight: lL sBon 
Closed Bomb Used: 207 . 


Relevant Informaticn: 


Nict: 0A S 


F (Cate): 52% 703 Bs, Sampling Rate! Aye 2. / Aas 


max 


Gauge #1:_ (7790 (388) | . Sensitivitye 


Sensitivi b> 2 ae eee ee 


Disc Identification: GRERLE p Le Nic 
: Nic 2 #1 Re 
Tracks used: 4d Trigger Zaz v Vv | 
i ied Vourg — : 
co eee, 
rar Rote 


6 G2 SFX sOF2 FS) 


Gauge #2: 


| 


- 
| 


INFORMATION SHEET FOR INDI 


Date: 23 Maye | 


Firing Record Number: 


Project: 


poc:_ _STo8i= : 
MIECIl SOus 


Series Run Number :_ Ui 


pe 
Propellant or Sample Type: AA-§ Lot Number: rs 4Y 54 7-S 


Impetus: << 3 Ex a> Sample or Grain Dimensions: 


Sample Weight: 73.- [632 en. Sample Treatment: Bacced < 


Igniter: Os 3¢ Igniter Weight: |. SO em 


Closed Homb Used: 207 cc 


Relevant Information: 


a Nic 1 thas 
P (Cale): € 9. fr pa Sampling Rate: > cl 


Max 


Gauge #1: LL30 - Sensitivityy_S: -385" 


Gauge #2: Sensitivity: 


Disc Identification: G BERLE DL ba 
Vile #1 


Niet Gauge 
Tracks used: UY Aier~ 2 Trigger /.$ V 
V ingh geo { 
Vv out’ 2? & 
Range xX Id Peansnex 
Full Scale=—4"°  ————-__ 


GV ec PEK 103 


‘ 


ae 


INFORMATION SHEET FOR INDI! 


Date: 23 Hou 72 

Firing Record Number: 

Project: | 
| s fle 4 

Series Run Number: Re 

Propellant or Sample Type: Mh - 4 Lot Number: 6459 7-$ 


Impetus: « BEX lo? _ Sample or Grain Dimensions: 
Sample Weight: 73, 145° Sample Treatment: Re eged | 
toniter:L S40 (3eg) | Igniter Weight:_1.90 

a SEEK: EE 
Closed Bomb Used: _a2¢9%ad. 


Relevant Information: 


Ayie ts TOMS 


F (Cale): &3 p90 Ps, Sampling Rate: Mic >> Has 


Max 
Gauge #1:_/7%¢ KS Sensitivity: 5-3%5 
Gauge #2: Sensitivity: 


Disc Identification: O& ERLE p/ As 
tC am #1 #2 


| 


= pret Gauge 
Tracks used: 5 ic 2 Triggerys” V V ; 
Vv iny, SEO 
V out -L0) 
Range x ee 
Full Scal 


LV2 ESR OF 
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Webra «a 


INFORMATION SHEET FOR IND: 


j 
Date: 2 Mov ? 3- 
Firing Record Number: 


Project: 


POC: S76 zs os 


Series Run Number: Sj 


Propellant or Sample Type: V - - Lot Number: 64SF yee 


Impetus: ~c S¢ [x02 Sample or oer Dimensions: 
Sample Weight: 73 : ¥ BEF Sample Treatment: Besced a 
naiter l. n (36a | Igniter Weight: l, So Fath 
Closed Bomb Used: Of de 


Relevant Information: 


Mec 2s 10 as 


P (Cale): FR O00 Ps; Sampling Rate: y/o +? SF as 
Max 
Gauge #1: LY ¥30 Sensitivity; st 


Gauge #2: Sensitivity: 


Nic 1 
Disc Identification: PDGERIE P-face a 


#1 #2 
‘ot Gauge 
Tracks used: 6 aoe 2 Triggers. g) Vv Vv 
Vv iny.s€° 
V out ¢.6¢ 
Range -y7,3 
Full Seal Sere 
PAAR 
6 Vz2ESK 0? 
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APPENDIX C: 


QUICK SUMMARY SHEETS 
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INTENTIONALLY LEFT BLANK. 


OUTPUT FILE: a:m5tl.ot 


Information File:a:m5tl.inf Pressure Burn Rate 
Project Name : BC MS BURN RATES (MPa) (cm/sec) 
Propellant Type :M5 20.0 3.198 
Grain Geometry :1-Perf. Cyl. 72.0 10.199 
Grain Length(cm): -57429 100.0 11.270 
Outer Diameter : -13691 140.0 152261 
Perf Diameter : -04089 200.0 21.386 
Inner Web 3 .04801 240.0 24.843 
Middle Web : .00000 300.0 28.494 
Outer Web H .00000 340.0 24.533 
Prop Thermochems: 
Impetus (J/g) : 1093.00000 
Flame Temp (K) ;: 3379.00000 
Density (g/cc) : 1.65000 
Molecular Weight: 25.70266 
Covolume (cc/q) : -98400 
Gamma : 1.22580 
Burn Rate Laws (MPa & cm/sec) 
Pressure -- Pressure Coeff Exp Corr Coef f 
18.67 37.34 .547756 -6008 -9740830 
37.34 93.36 .170881 -9187 -9397104 
93.36 280.08 .239805 -8440 -9832941 
30.00 280.00 .207218 -8724 -9928279 
10.00 30.00 .210789 -9045 -9876295 
Hor. Axis: 2.65 to 369.03 MPa :: Ver. Axis: -12057 to 28.57495 cm/sec 
28.57495 - eet * 
keke t 
kexke 
REKRKREK 
akkekkk *& 
zk KkXKK 
kKkaKKE 
keaek 
eek 
kakek 
4.61742 - keene 
xe 
kee 
ake 
REx 
ee 
rk 
RAKE 
Rkk 
ree 
- 74613 - oe 
Rkk 
x 
akKk 
zk e&xkk 
kak 
* * 
eat 
| * 
.12057 #-~ eo = | ------------------~- | ------------------- | 
3. 14. 71. 369. 


OUTPUT FILE: 


a:m5t2.ot 


Information File:a:mS5t2.inf Pressure Burn Rate 
Project Name : BC M5 BURN RATES (MPa) (cm/sec) 
Propellant Type :M5 20.0 2.867 
Grain Geometry :1-Perf. Cyl. 72.0 9.405 
Grain Length(cm): -57429 100.0 9.498 
Outer Diameter : 13691 140.0 15.447 
Perf Diameter : -04089 200.0 20.219 
Inner Web : .04801 240.0 25.408 
Middle Web : -00000 300.0 28.626 
Outer Web : -00000 340.0 23.343 
Prop Thermochens: 
Impetus (J/g) : 1093.00000 
Flame Temp (K) : 3379.00000 
Density (g/cc) : 1.65000 
Molecular Weight: 25.70266 
Covolume (cc/g) : 98400 
Gamma iH 1.22580 
Burn Rate Laws (MPa & cm/sec) 
Pressure -- Pressure Coeff Exp Corr Coef f 
18.54 37.08 .174479 -9298 - 9852290 
37.08 92.71 .247634 8399 -9494147 
92.71 278.12 .177142 -9003 - 9667697 
30.00 300.00 .251033 - 8332 -9911913 
30.00 280.00 .249648 - 8346 -9902594 
Hor. Axis: 2.65 to 370.37 MPa :: Ver. Axis: .00019 to 28.64627 cm/sec 
28 .64627 a ek RaekRKKEK * 
ke kkke 
kkkke kkk 
KKEKKEKKKK KK 
eekRKSE 
KEKKKEKEK 
kak 
“xk 
ter 
xx 
-53712 - t wkke 
kkaezknk 
KeEKKKKK 
kKaEKKKKEK 
wexkke 
xeknk & 
Keke 
tke 
* & 
** 
-01007 - 
-00019  ialelatataietetetatatataeteneneanel | ------- enn e nnn | ------------------- 
<7 14. cae 370. 


OUTPUT FILE: a:m5t3.ot 


* 


~525 


29.12210 cm/sec 


KRRKKKRKE 
kKkeekaeaee 


* 


Information File:a:m5t3.inf Pressure 
Project Name : BC M5 BURN RATES (MPa) 
Propellant Type :M5 20.0 
Grain Geometry :1-Perf. Cyl. 72.0 
Grain Length(cm): -57429 100.0 
Outer Diameter ;: ~13691 140.0 
Perf Diameter : .04089 200.0 
Inner Web : -04801 240.0 
Middle Web : -00000 300.0 
Outer Web 7 .00000 340.0 
Prop Thermochems: 

Impetus (J/g) : 1093.00000 

Flame Temp (K) : 3379.00000 

Density (g/cc) : 1.65000 

Molecular Weight: 25.70265 

Covolume (cc/g) : -98400 

Gamma : 1.22580 

Burn Rate Laws (MPa & cm/sec) 

Pressure -- Pressure Coeff Exp Corr Coef f 
18.41 36.81 .308054 7519 -9694617 
36.81 92.03 .157450 -9450 -9448234 
92.03 276.10 .221427 -8594 -9075660 
30.00 280.00 .204503 -8762 - 9906946 
30.00 300.00 .206544 - 8738 9913580 

Hor. Axis: 2.65 to 364.95 MPa :: Ver. Axis: .00501 to 

29.12210 - 
kerkk 
kKeek & 
xk 
kexkkxke 
xKeKKX 
kkk 
* 
1.61990 - eae 
kak 
kak 
kek & 
REE 
kkaxk 
KaKRKKEK 
kkeekkakk * 
KEKKKKKEK 
KRERKKK 
-09011 SESee 
kkekek 
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kekk 
ke 
kkk 
* & 
.00501 $4 te | ------------- orn | ------------------- | 
3. 14. 71. 


OUTPUT FILE: a:m5t4.ot 


Information File:a:m5t4.inf Pressure Burn Rate 
Project Name :HCC M5 BURN RATES (MPa) (cm/sec) 
Propellant Type :M5 20.0 3.176 
Grain Geometry :1-Perf. Cyl. 72.0 8.664 
Grain Length(cm): ~57429 100.0 12.131 
Outer Diameter : 13691 140.0 16.522 
Perf Diameter :; -04089 200.0 20.487 
Inner Web : .04801 240.0 24.935 
Middle Web : .00000 300.0 29.528 
Outer Web : -00000 340.0 32.568 
Prop Thermochems: 400.0 36.083 
Impetus (J/q) : 1093.00000 440.0 38.710 
Flame Temp (K) : 3379.00000 500.0 39.079 
Density (g/cc) : 1.65000 540.0 33.270 
Molecular Weight: 25.70266 
Covolume (cc/g) : -98400 
Gamma 7 1.22580 
Burn Rate Laws (MPa & cm/sec) 
Pressure -- Pressure Coeff Exp Cor~ Coef f 
29.62 59.24 .510368 - 6653 9892604 
59.24 148.10 .274854 -8155 -9786542 
148.10 444.29 .283246 -8109 -9916131 
20.00 420.00 .315470 -7902 -9982091 
Hor. Axis: 2.78 to 591.81 MPa :: Ver. Axis: -00081 to 40.56155 cm/sec 
40.56155 - eekeee * 
ReKKEK 
keeknk 
KREKRKKK 
kkekekktk 
kekekk 
kkkk 
kak 
xxknk 
kkk 
1.10140 - ee 
kkkek 
kkk 
x KkKe 
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-00081 +-* -~----~---------- | ---------------~--- | ------~------------- | 
3. 17. 99. 592. 


OUTPUT FILE: a:mS5t5.ot 


Information File:a:m5t5.inf Pressure Burn Rate 
Project Name :HCC M5 BURN RATES (MPa) (cm/sec) 
Propellant Type :M5 20.0 3.140 
Grain Geometry :1-Perf. Cyl. 72.0 8.548 
Grain Length(cm): -57429 100.0 12.080 
Outer Diameter : -13691 140.0 15.338 
Perf Diameter : - 04089 200.0 20.222 
Inner Web : -04801 240.0 24.735 
Middle Web 2 -00000 300.0 30.072 
Outer Web : -00000 340.0 32.874 
Prop Thermochems: 400.0 36.211 
Impetus (J/q) : 1093.00000 440.0 39.151 
Flame Temp (K) : 3379.00000 500.0 40.342 
Density (g/cc) : 1.65000 540.0 32.591 
Molecular Weight: 25.70266 
Covolume (cc/g) : - 98400 
Gamma H 1.22580 
Burn Rate Laws (MPa & cm/sec) 
Pressure ~- Pressure Coeff Exp Corr Coef f 

29.50 59.01 .323998 - 7833 -9912014 

59.01 147.52 .282177 -8120 -9814939 

147.52 442.57 .284842 - 8120 -9964502 

30.00 440.00 .295513 - 8046 -9987165 
Hor. Axis: 2.84 to 571.53 MPa :: Ver. Axis: -00034 to 40.86246 cm/sec 

40.86246 - keene * 
KeRaAKKK 
kKktkkkkk 
RHKAKKEK 
kkekkke 
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kkeekk 
kekk 
kk 
eK 


OUTPUT FILE: a:m5t6.ot 


Information File:a:m5t6.inf Pressure Burn Rate 
Project Name :HCC M5 BURN RATES (MPa) (cm/sec) 
Propellant Type :M5 20.0 3.158 
Grain Geometry :1-Perf. Cyl. 72.0 8.870 
Grain Length(cm): -57429 100.0 11.290 
Outer Diameter : -13691 140.0 15.523 
| Perf Diameter : 04089 200.0 20.279 

Inner Web 3 -04801 240.0 24.572 
Middle Web 3 -00000 300.0 29.642 
Outer Web : -00000 340.0 32.535 
Prop Thermochems: 400.0 36.483 
Impetus (J/g) : 1093.00000 440.0 39.456 
Flame Temp (K) : 3379.00000 500.0 39.501 
Density (g/cc) : 1.65000 540.0 33.740 
Molecular Weight: 25.70266 
Covolume (cc/g) :; -98400 
Gamma : 1.22580 
Burn Rate Laws (MPa & cm/sec) 
Pressure -- Pressure Coeff Exp Corr Coef f 

29.58 59.17 .326743 7850 -9917435 

59.17 147.92 .288910 -8068 -9892018 

147.92 443.76 .281014 -8136 -9970241 

40.00 420.00 .300348 -8011 -9987572 
Hor. Axis: 2.81 to 591.61 MPa :: Ver. Axis: -00748 to 40.41475 cm/sec 

40.41475 - kkekt * 
kreex * 
kkkkk 
keke 
kkk 
kek 
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xa 
kkk 
kik 
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APPENDIX D: 


BRLCB RESULTS FOR TRACK 1 


INTENTIONALLY LEFT BLANK. 
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BURNING RATE ANALYSIS 
BRLCB V3.0 
ADVANCED BALLISTIC CONCEPTS BRANCH ~- BRL 


Project : M5 BURN RATES Requested by : W. Oberle 
Inf File: a:m5tl.inf Created From .MAS File : a:m5.mas 

P/T File: a:mS5tl.pvt Calculation Output File: a:m5tl.out 
Smoothed: a:m5t1.pdt Graphics File a:mStl.dat 


Fired on: 20 Nov 92 


FIRING REMARKS: 
Bill Aungst: Operator 


REDUCTION REMARKS: 
Reduced on 12 Dec 92 by Bill Oberle 


IGNITER INFORMATION 
the Igniter Used Is : Black Powder Lot: FFFG 
The Source For The Igniter Is: Pellets, Milan Ord. 


IGNITER THERMOCHEMICAL PROPERTIES 


Impetus (J/g) : 290.0 Molecular Weight: 66.37000 
Flame Temperature (K): 2188 .0 Covolume (cm?/g) : - 78500 
Density (g/cm?) : 1.75000 Gamma : 1.21840 


PROPELLANT INFORMATION 
the Propellant Used Is 3: OMS Lot: RAD-64597 Of 1966 
The Source For The Propellant Is : Radfort Army Ammo Pl 
Propellant Thermochemical Properties: Following Sheets of Output 


PROPELLANT GRAIN GEOMETRY 
Grain Type: 1i-Perf. Cyl. 
Length -—= (cm.): .574294 
Outer Diam. (cm.): .136906 
Perf Diam. (cm.): .040894 


Inner Web (cm.): .048006 
Bomb Information Gage Information 
Bomb Type : Closed Chamber Gage I.D. : C13788 
Bomb Vol (cm®): 209.0 Input Voltage : 7.3150 


Constants For Fit: A+Bx+C%*2 
A: -53714E+00 
B: -52948E-01 
C: —.88281E-07 


Temperature and Charge Mass Information 


ct tt Ae Oe SO a oe SD SD Se tr ee a Co Se 


Propellant Mass (g) : 52.4416 Igniter Mass (gq) : 1.5000 
Initial Temp. Prop. (K) : 294. Igniter Temp. (K) > 294, 
Initial Bomb Temp. (K) : 294. 

Number of Propellant Grains: 4127.72 

Number of Wildpoint Passes : 1 Wildpoint Tolerance: 5.000 
Number of Smoothing Passes : 1 Smoothing Option 


Bridge Length : 
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Total # Layers = 1 

Chamber Volume (cm*) = 209.000 

Heat~Loss-Fraction (n-d) = .000 

Time Step (mil-sec) = .10000000E-01 Max Time Steps = 1200 

Convergence Criterion = .10000000E-04 

Computation Type (1=BURN-RATE, 2=PTGEN, 3=SURF AREA, 4=INTERR BOMB, 5=ETC) 1 
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Propellant Mass in grams 
PES ESSE EASE SE SSIS SEC CASES SAS ASSESS SSSA SASSASSALESLSESERLESEESSES EEE S SESSA SSSR SES SG 


1 52.44161 
Ignitor 1.50000 
Air -21234 
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Propellant Density in g/cm? 
TOPE SE STICTISECACTCCTSSCLAASOSESASSASESASASSEASESESLASALIESLESALESLEE SS ES ALES ESSE SSE SS 
1 1.65000 1.65000 
Ignitor 1.75000 
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Propellant Impetus in J/g 
HMRI KK RK HHA EK REE KAKI KEREKEKREKKREKEKREKEKKKKKEEREREKEKEKREKEEEEREKUKKKRKKK 
1 1093.00000 1093 .00000 
Ignitos 290.00000 
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Propellant Flame Temperature in deg K 
KHIR KEKEREKRREEKEREKEEEREEREKRKEKREREMEEKEERKEKEKKEKKEEKRERKKEKREKREKKKKKKKKK 
1 3379.00000 3379.00000 
Ignitor 2188 .00000 


RH KKK KKH KKK KARR KEKE KKEAREKKEKHEAKREKREKEKEEKKKKEKKEKKKEKHEKREKEKRKKEKERKEEKEK 


Propellant Molecular Weight in g/g-mole 
RRR KEEKKEKKEKEEREKEEKRKREKEKREEKKKREKEKEEKEKEKHKEKREKKKEEKKEEKEERE 
Ignitor 66.37000 
Aix 28 .90000 
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Propellant Gas Constant in cal/g~deg K 
Pe SRE SE SESSA ESSES LS SLA SS SESE SER ES ES ESSE SESS SS SS ERE RES ELAS ESAS SERS SS SEARS EE SSS SE 


1 -07731 .07731 
Ignitor -02994 
Air - 96876 
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Gamma (Ratio of Specific Heats) 
KERR REKKEKEKKKEKKKEKRERREKKEKKKKEEKEKKEEREEREKKEKMKKEEKKEEKEEKEKEKKKKKKEKEKKEKEKE 


1 1.22580 1.22580 
Ignitor 1.21840 
Air 1.40000 
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Specific Heat (Cv) in cal/g-deg K 
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1 - 34240 - 34240 
Ignitor -13709 
Air -17190 
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Covolume in cm?/g 
RRA RERKEREKREKEKKEEKRAREKEKEKRERERREEEKRREKREKERRERERKKEREKEKEKEKEKEEKEEKKKEKEKKKKK 


1 - 98400 . 98400 
Ignitor - 78500 
Air - 98000 
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RANGE 
PLOW PHIGH 
MPa MPa 
19. 37. 
37. 93. 
93. 280. 
30. 280. 
10. 30. 


Table of Bum Rate Laws 


COEF 
CM/S-MPa*EXP 
-54775E6+00 
.170881E+00 
.239805E+00 
.207218E+00 
.21078E+00 


61 


EXP 


.600753 
918731 
843965 
872360 
904514 


CORR COEF 
974083 
939710 
983294 
992828 
.987630 


INTENTIONALLY LEFT BLANK. 
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APPENDIX E: 


BRLCB RESULTS FOR TRACK 2 


INTENTIONALLY LEFT BLANK. 


BURNING RATE ANALYSIS 
BRLCB V3.0 
ADVANCED BALLISTIC CONCEPTS BRANCH —- BRL 


Project : MS BURN RATES Requested by : W. Oberle 
Inf File: a:m5t2.inf Created From .MAS File : a:m5.mas 

P/T File: a:m5t2.pvt Calculation Output File: a:mSt2.out 
Smoothed: a:m5t2.pdt Graphics File >: asmSt2.dat 


Fired on: 23 Nov 92 


FIRING REMARKS: 
Bill Aungst: Operator 1 


REDUCTION REMARKS: 
Reduced on 12 Dec 92 by W. Oberle 


IGNITER INFORMATION 
The Igntier Used Is : Black Powder Lot: FFFG 
The Source For The Igniter Is: Pellets, Milan Ord. 


IGNITER THERMOCHEMICAL PROPERTIES: 


Impetus (J/g) : 290.0 Molecular Weight: 66.37000 
Flame Temperature (K): 2188.0 Covolume (cm?/g): .78500 
Density (g/cm”) : 1.75000 Gamma : 1.21840 


PROPELLANT INFORMATION 

The Propellant Used Is : = M5 Lot: RAD-64597 Of 1966 
The Source For The Propellant Is : Radfort Army Ammo Pl 
Propellant Thermochemical Properties: Following Sheets of Output 


PROPELLANT GRAIN GEOMETRY 
Grain Type: 1-Perf. Cyl. 
Length -—-~ (cm.): .574294 
Outer Diam. (cm.): .136906 
Perf Diam. (cm.): .040894 
Inner Web (cm.): .048006 


Bomb Information Gage Information 
Bomb Type : Closed Chamber Gage I.D. : €14430 
Bomb Vol (cm?) : 209.0 Input Voltage : 7.3150 
Constants For Fit: A+Bx+C*2 
A: -20157E+01 
B: -52474E-01 


C: ~.12544E-06 


Temperature and Charge Mass Information 


conan er ce ee Ce FE a 


Propellant Mass (g) : 52.4396 Igniter Mass (g): 1.5000 
Initial Temp. Prop. (K) > «6294. Igniter Temp.(K): 294. 
Initial Bomb Temp. (K) : 294, 


ee ese SD a Re 


Number of Propellant Grains 4127.56 
Number of Wildpoint Passes : 1 Wildpoint Tolerance: 2.000 
Number of Smoothing Passes : 1 Smoothing Option ©, : 2b 


Bridge Length 


FEI III RTI COIS G IOI ITO ICICI III UII IIS IO IOI III fot 


PSERSESSESASSASESSSSSESE ASSES ELS SES SESE SESE SESE SSSA REA SS SS ESAS ESLER ASE SE SARS SSE SS 


Total # Layers = 1 

Chamber Volume (cm?) = 209.000 

Heat-Loss-Fraction (n-d) = .000 

Time Step (mil-sec) = .10000000E-01 Max Time Steps = 1200 

Convergence Criterion = .10000000E-04 

Computation Type (1=BURN-RATE, 2=PTGEN, 3=SURF AREA, 4=INTERR BOMB, 5=ETC) 1 


PESSSLESE SIA SSE SE SESE ELAS ER SESS SSSR SSE SSE SRSA SS RRS RE SASSER SEES SELES ESSER RSE SESS Sf 


Beginning (1) of Layer End (2) of Layer 


PSS SERESSSLASESS SSS ESS ASESSAS SES LSS ESS ESSE SSS ES SLE SELES SSS SSL SS ESAS SESE S SEES ED 


Propellant Mass in grams 
RHEE KEKE KERKEKEEKKEEKKKEKEERKEKREKKKEEEKEKEKEEKEKKKEKKKKKK 


1 52.43960 
Ignitor 1.50000 
Air -21234 


PSESSSESELE SES SES SSL SSS LE SESE SES ESSE SSS SESE SSS SSC SER SARS SESSLER SSSA S ESSE SASS SEES SY 


Propellant Density in g/cm? 
TELE PATE ESESESCEASSESSAESAESAESESAESALESSESSESSAELSESSASESSSESLE SSL SAL ESSE SS SSSS ESSE SES ERE SASS 
1 1.65000 1.65000 
Ignitor 1.75000 


SPREE ESESL ELSE ESSE SSS SESE SSE SEES ESE SSR ESS SSAC E SRS ESSAE SES ER SERA SESE SEER ESLER EES SE SG 


Propellant Impetus in J/g 
WHR KKK KEK EK KKK KEKE KKK KK KK KEKE KEKE EKER KKKEKKEKREKEEKEKHEEKEERKEEREKERKEK 
1 1093.00000 1093.00000 
Ignitor 290.00000 


Pete eee SSE SELLE SSE S ESS SS ESS RESETS SESE SSR SEES ES ESE SESE SES ESAS ESS SEL ILE SEL SES ESE So 


Propellant Flame Temperature in deg K 
KARE KEKE KREKEKKEEKEEKEEREKEREKKEKEEKEKEKKEKKEKEKREREKEKKEEKEKEKEKKEKAKKEKEEK 
1 3379.00000 3379 .00000 
Ignitor 2188.00000 


SRK KKK KKK KEKE KEK KEKEKEEKRKKEKKEKREKRKKKEKEEEEERKEKEKEKEKKEEKKEKREKERREEKEREKEKEKKKEKR 


Propellant Molecular Weight in g/g~mol 
RHEKKKEKKEREKKKERKEKKKKKKEKREKKEKEREKEKEKEKKEKERKEEAEKKEKKEKKKEKKEKEKEKEKEKKREKKEKKKK 


1 25.70266 25.70266 
Ignitor 66.37000 
Air 28.90000 


RRR KKK KHIR KEIRA RRR KEKE KEKE KKH EKEEKKEEKEKKEKEKEEKEKKRKEKEKKKKKEKKKKK 
Propellant Gas Constant in cal/g-deg K 


RHRKKKKKEKKKEKHEKRKKKE KEE KKEKKKEKKE KK KKK KEK KKK KK KKK RK KKK KKK KKEAKKEHRHEAKKAKKKSK 


. 07731 .07731 
Ignitc. -02994 
Air -06876 


HRAKKKKEREKEEKEEKRHEK KE KERR KERR KKK KEK KKK KEKE KK KEKE RIKKKKEEKEKKKKEKEKEKRKKKKKKKKEK 


Gamma (Ratio of Specific Heats) 
HR HKE KKK KEKE KEK KEKE KEK KKK KK EKKKEEREREKKKKKKEK KEKE KKK REKKKERKEKKEKKEKKEKKEKKK 


1 1.22580 1.22580 
Ignitor 1.21840 
Air 1.40000 


PESSERSSLASLSSALLSSESAAEE SLE SZE SSS SS EE SSS ESSE LAS EASESEE SESE SASL AL ESAS ASS SSS SS SY 


Specific Heat (Cv) in cal/g-deg K 
REE KEKE KEKKERIMRKREKRREKKEEAK KHER REKREREKEKEKKEKEKEKK KKK EKKEEREKEKKKKKKK 


1 ~ 34240 34240 
Ignitor -13709 
Air .17190 


PSESESPESSESS SESS ESSE ESTES SESS ESS SS SSE SESS SASS ELE SE SES ESSE SESS LAL ESL AL ESSE SES SS SS 


Covolume in em/g 
MEEKER KEEKKKREKREEKREKRREKKEKREREREKEKKEKEKEKERKEKREKKEKKKEKKKKERKEKEEREKKEKEKE 


1 - 98400 -98400 
Ignitor - 78500 
Air - 98000 


RRR KRIKKKIKRR KEKE ERK REKRKERAEKREKREEKEKEMAKEKHAKKEKKKAEKKKKKKKKKRKKKK 


T0-30009008b° = yNouxng je (wo) zeAeT ZO yAdaG 
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OUTL °SA sinsserg Asquieyd UsatTHb e uo peseg sejey Buyfurng peonpaq <S 3TNesY xx 


PO+HOENLESEE’ = SSOT QeOH/mM (y Hap) aeznjerzeduey rzaaqueyd umnutTxen 
CO+AOTSSSOLE’ = SSOT QeaH/m (edW) sansserzg requeYyD whuTxe, 
Z0-30L9S7S50Z° = « (TRS) AaqueYyD wozzZ SsOT FeE9H TRIO, wHuTxeEW 

000° = uot IORIgA-SsoT—JeaH e BHBuyumssy xeex 

PO+THOESLESES’ = (yw Bep) sangqezsdway zequeyD unutTxey TeoOTIeIONUL 
€O+FZOTSSSOLE” = (dW) SAansserg Aequeyd umWTxeW TeOTITOSUL 

seneaxx 3278 SOTITZEdOrg, TEqueYD UMUITXEW xeugaer 
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CO+HOOTHTI SP” 


ZOFHOLEELTS 
7O+A066STHSP" 
7O+AOTHELSSP’ 
7TO+HO6SSTLSY" 
ZO+HO8T998SF” 
7ZO+F087L66S¢" 


7ZOFAOB8ZIS9P 
ZO+HOLSI P69" 


70+301890976° 
70*+300099L06° 
7O+F09E P6E68 
7O+3081 68819" 
ZO+FAOEPBI6SS” 
CO+AORS I LE8" 
Z0+S09LL0L78° 


7O+HOSEOL08L" 
ZO+HO0SO6LY9L" 
ZO+SO8E796PL' 
ZTOFHOTBELLEL’ 
7O+HOLOB0E7L 
7O0+3H0000L80L" 
70+3002 £0869" 
7O+HOE9L8L89° 
TOFAOOS8S PLO 
7O+A098L£099° 
7O+AO0TBROS9 
70+H097606€9" 
TOFHFOISTHS7O" 
CO+FAOL86S P19" 
ZO+HO7HZZEOD" 
COFFOL PET IBS” 
7O+XOI9S66L5° 
CO+FOBLELOIS” 
ZO+HOEPOLLSS” 
ZOFHOOLPOLYS” 
ZTOFAOPPIOLES: 
COFAOPS8TBTS” 
TOFHOBSESSIS” 
7O+S06€S680S" 
ZOFAOTLOLOOS” 
7O+H060L C069" 
7O+ATOTEGLOSY 
70+3008660LP" 
7O+FOT POST SP 
COFAOSPETTS 
COFSO98LLEbY 
CO+HOI LEEPER 
7TO+HOSOSTSTP” 
7O+80P0809 IF" 
ZO+H0S8Z080P" 
7O+H0STSSOOP’ 
ZO+HO8EPET6E 
7ZO+ROLZLETBE- 
ZO+HOOLSOPLE™ 
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1O-HOCTLS PEL 
1O-AOIL8rZEl" 
lO-ACSPT POEL 
10-A06SS P87" 
1O-S3OL78S971" 
10-S07879¢71° 
10-30L8697.21° 
10-307989071° 
10- 406799 311° 
10-d0LOOL IIT 
10-SOLTOSr iT” 
10-J0v7687 11° 
lO-AOCOLOLLT 
10-0981 1601" 
10-406167201 
10-SOL9TSSOU" 
10-FOLEestol 
10-30081 €Z01" 
10-308019001" 
7O-508681 886° 
7O-A0S8L91 26° 
7ZO-FOSILEPS6 
TO-AOLI9LLES 
7O-A00LS7276° 
7O-H01LL9906" 
7O-AOEPEP (68° 
70-30£860828" 
70-400806598" 
ZO-HOCEROTSS" 
7O-HOSO106€8" 
70-4099606 78" 
ZTO-HOLSEST IS 
7O-406816S6L" 
TO-SOTBEB6LL 
TO-AOEEOS POL" 
ZO-HO796TBPL 
CO-SOEP9OPEL 
7O-HOTTO90TL™ 
70-H0S990L0L" 
70-HO90ZSS69" 
7O~HO010T8P89" 
ZO-H0SSOSPL9 
ZO-HOTESS P99" 
ZO-FO8I8ESS9" 
7O-AOUL08S 99" 
CO-AOPLTLSE9" 
ZO-HO9ST19T9" 
2O-AO9PPTS 19° 


vO+HOEI SHEE 
vO+FOLOOPPEe’ 
vO+AOSSPE PEE 
vO+AOPE6THEC’ 
vO+AO6LPT PEC’ 
POTAOC POI PEE’ 
PO+HOS6EI PEE" 
O+A 091 80PEE™ 
vOHHOCOZOFEC 
PO+HOIO96CE€° 
vO+H00668CE€" 
POTHOPSESEEE 
vOrFOLOLLect™ 
POTHOTPOLECE 
POFAOSLESECE’ 
pOTHO9SOS ECE” 
POFAOPPOSEES 
pO+HOOCPrEEE' 
POFAOSILEECE 
vOrROSSOCEEE® 
VOTHOETTEECE 
PpO+ROSIPIECE 
PO+HOLZ90ECE™ 
PO+d069867EC" 
O+d08L067€€" 
PO+A08L787EC" 
vO+HOLPSL7EE" 
POFAOCSS9TEE™ 
vO+d0P8097CE" 
yO+H0667SZEC™ 
PO+AO09PHTEE 
PO+AHOS6SETEE™ 
vO+dOIBSe7et" 
vOtdOP6r ITEC 
vOFHOLIPOTEE” 
vO+HOLZZ6LEE’ 
vO+HOOP TE 1E€" 
pOTROPBOLIEE 
PO+HO0B6S IEE’ 
PO+HO6LOPIEE 
PO+HOIPORIEE 
PO+HOSCIETEE™ 
POFAOSITZ IEE" 
pOrAOZZET TEE 
vO+FOPOr0l ce" 
vOrqO9RE60EE" 
PO+HOGSEROCE” 
POHAOSTZLOCE 


pO+HOI HOOT ET 
pOraowesziel” 
PO+AOLOPPI ET 
PO+HOTS79I ET 
bO+H00TOSTET 
PO+R07I861ET 
vO+A0Z6S1ZET 
vO+AOSPPETEI 
pO+dOvleszet 
vO+HOETILZEI* 
bOrAOSLB8ZET 
vOFTOSEOOC ET 
pOrHOILETEET 
POFAOSTIPEET 
vO+F0008S CET" 
POFAOSTPLEET 
$O+H06868EE1" 
vOraOLBCOPET 
bOrTO79IG I HET 
vO+AOvISEvET 
POHHOLEISHeT 
POFHOEELOVEL 
PO+AOS9TSPET 
0+H0S696¢E1° 
POTAOTETISET 
POFHOLESTSET” 
POFHOLOLESEL” 
vOFAOSe6PSEl 
POFHOSSTOSET™ 
pOTHOTLELSE1 
POFHOSSOBSET" 
yO+AOSO66SET 
vOFHOSPEL SET 
vO+HO067879E1" 
pOrsOerepoel” 
POFHORELS9ET” 
vO+HOOSOL9ET" 
POFHOT6TR9ET” 
vO+AO00PS69ET” 
PO+AOPO9OLET 
vOFHOTOSTLET 
vOTHOLPSTLET 
vOTAOOSPELET® 
vO+HOSOEPLEI” 
POFHOOGISLET™ 
POFHOGTIOLEL 
PO+AOPOOLLET 
PO+HO8008 LET 


ZOFHOSSELTIZ 
7O+AOLSPHBOC 
70*+30580S007' 
7O+FOP9S6161" 
7O+A00TL8T61 
ZO+AOSLLEVEL 
ZO+H0L667961° 
7O+H0P96L 107° 
7O+3068EL861" 
7O+H076L6161° 
7O+301 166061" 
70+H0€L69061" 
ZO+AOOLLI SBI 
7O+H066S Pr8 1° 
7O+H0S682081" 
ZOFAOSTS6ZLU 
7O+H09TLOOST 
70+90S900791" 
7ZO+SOPZOSHLI 
ZO+HOLSOETLIE 
CO+AOOPELOLT 
7O+A0ST8969T" 
O+F098T 86ST" 
TO+AOOPLLYST 
ZO+AOLI96EST 
TO+HOS6LIE PI 
CO+HOSTS ROTI 
CO+HOTITZETT 
THHOBTHTEET 
COFAOTHLISEL 
COFHOTOLELET 
TO+H06V679PT 
ZO+HO6T6SLSE 
7O+H0999S9S 1" 
7O+HOSOCOLST 
ZOFHOIST OTST 
70+3070008€1" 
7O+HOOOPI HET 
COFAOLESEOTT 
COFAOSLISZIT 
70+H06616€01° 
10+802870666° 
10+9071 10596" 
10+3006008€6" 
TO+HOLLTLELGO 
10+30097 > P66" 
ZOFHOESSETOT 
COFAOTELPPIT 


7O+H 08719617" 
COFAOEBSI PTT 
TO+HOS 1 P9B7C 
COFFOLSS8ZET 
7O+H0L6L69€7° 
CO+AOSPHT I PC" 
TOFAOSS PPS HT 
70+H08S086¢7" 
7ZO+HOTBS7HSC 
TOFA06LOP8SC" 
7O+201999797° 
70+39071 28997" 
ZO+HOLECOILE 
ZO+A09PYISLT 
70+9060916L7° 
7TOFAOCHI LEST 
CO+AOLESLOBT 
70+30S691067" 
ZO+H07096 £67" 
7O+A0SL68L67° 
7ZO+FOTOOSL OE 
7O+HOPES PSOE” 
70+H0607 160€" 
7OFAOPE9STIC 
7TO+HOLYLOOTE 
COFAOLECPOIE 
TOHAOSLPPTZE" 
COFAOGHETSTE™ 
COFAOESTTEZE™ 
ZO+HOOSHIIEC 
TO+AOMOSTHEE 
ZOFHOCSSELEE™ 
TO+AOSS780rE™ 
COFAOS8PPYPE 
ZO+AOOLB88LVE- 
ZO+AOSPPSISE” 
COFAOTOSLOSE 
ZO+HOOOLLLSE" 
7O+HOTET809¢" 
7O+A0808PE9E™ 
7O+AO8906S9E° 
7O+AO9PBI89C" 
7O+AO6I EPOLE’ 
COFHOGSSSTLE 
COFHOLSS9PLE 
ZOFAOLLLO9LE™ 
COFHOLIOZ6LE™ 
ZOFAOTEZ9OT BE’ 


€0+H08SPLS07" 
€0+40001 $702" 
CO+AOSSTE66T 
CO+AO6LECIGI” 
€O+H0661 PC6T" 
€0+006L0F061 
COHAOILYPLET 
CO+AORELEHST 
£O+F00PSTI8I" 
€0+F0PE8TELT 
CO+AOSS9ESLT- 
COHHOPEEPTLIT 
£O+F0v67S 691" 
€O+F01SL9991° 
€O+AOSLEBEST” 
€O+HO98P 1191" 
€O+F08e098S 1" 
€O+A08TLZ9S1° 
£0+H0S6S9EST 
£0+8066P60S1" 
€0+H0790r8r1" 
£0+3H0009LS PT" 
CO+HOLSEZEPT 
£O+H01S680F1" 
€0+H0667S8E" 
CO+HOLEITIET 
€O+H 0879 PET 
£O+HOS89TTEL” 
£0+HA068E70EI" 
£O+AOvS778ZI" 
CO+AOOLETIZI” 
£0+H016S0¢71" 
COHHOCLOLIT 
€O+HOTSLTOIE 
€O+HOLI969TE 
CO+HOLPOS HIT" 
€O+H0SOSETIV 
€0+H081 EOI" 
€0+501967801° 
€O+H06€ 1S90T" 
£O+AOIS68POI 
£O+HOLOLECOT 
£0+H 01088101" 
€0+F01S9PO0OT" 
7O+H0EE 15066" 
Z0+H096 67516" 
7O+AOTTHS096" 
ZOFAOLSSPPPO 


TO+A00000C £6" 
10+3000007 £6° 
10+9066660€6" 
10+2000000€6" 
10+306666876' 
10+3900000876" 
10+30000026° 
10+300000976° 
10+39000005 76° 
T0+300000%76" 
TO+F00000E76" 
10+906666176" 
10+300000176° 
10+3900000076° 
10+3000006 16° 
10+906666L16° 
10+901000L16° 


10+300000L06" 
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1O-JOT6 p6ee 
10-JOL1806€7" 
10-AOLETOBET 
10~H09€66L€7° 
10-AOLOPTLEZ 
1O-HOCHEEIET” 
1O0-d0v1 1 esez 
10-HOSO8T ree" 
10-AO1076ZEC" 
10-d0082¢1€2° 
10-AOTLLB672° 
10-30L6€ 1877" 
10-dO8Se7977" 
lO-d07P Tye" 
10-3091 70722" 
10-A0CPOL61T 
1O-AOLLOZLIZ 
lO-HOLESSPIZ 
10-FO8IL81 IZ 


LO-S07L9PEOT 
10-095 69007" 
lO-HO8S6LL61" 
10-H0Cvh6Prél 
t0-g08€60761° 
10-H09rh7681" 
lO-9019Sp98T" 
t0-H000€L¢81" 
10-H0L6CO018T" 
10-d07HeERLI" 
TO-HOOLOLSLI 
10-SOT860ELT 
10-H0687S0L1" 
10-S0€696L91" 
LO-AOzITPS9T 
10-A08esszgr- 
10-S09S7EO9T" 
10~S06LPLLST 
1O-HOErIZSst" 
10-S0997L751" 
10-F0S9870S 1" 
(0-AOS878Lbl" 
1O-d087S Spl" 
1O-HO1STI Et” 
10-H0ZrE60P1" 
10~H0L8088€T° 
IO-FOEPI LIE 


vOraOLILESEC 
pO+H00698S¢¢C° 
PO+HOSS9BS EE 
vO+d09098S Ce" 
vO+dOLpsssce’ 
vO+AOBLPBSCE 
PO+HOS6EBS EE 
POTAOSOEBSEE 
vO+FOPOL ast’ 
vO+HOL808SEE" 
POFHOSSELSEE 
PO+FOOTSLSEE 
POTHOLPOLSEE” 
PpOFSOILPLSEe” 
POFHOSLELSEE’ 
POrROOLOLSEE 
PO+FOEHB9SEE™ 
POTFOESSOSEE 
POFHOECCISEE’ 
PO+HO8SO9S EE” 
VO+FOILLSSee" 
pOTHOS6LPssec” 
vO+AOPLISSEE” 
O+d0798PS EC" 
POTHOLES PSEC” 
vOFHOLOT PSEC” 
POFHOBSBESEE™ 
vOTHOCISESee” 
POFAOOSTESER™ 
POFHOETBZSEC 
POTHOOPHTSEC™ 
POTHOSLOTSEE” 
POFHOSOLI SEC" 
POFAOLTEISEE” 
POFHOCEGOSEE’ 
POrAOLESOSEe” 
PO+A0PT LOSE” 
PO+F0S696PEE" 
POrdOPS76PEE” 
vO+HO0088PEE 
POFAOSPEBPEE 
PO+HOO88LPEE 
POFAOZOPLPLE 
PO+HOETOSPEE 
POHHOLEPOPEE 
bO+HOS96S PCE 
vOTHOSOPS PEE" 
POtHOETOS PEE 


pO+AOSPGEIZI 
pOtdOlszpiZI° 
pOTAOESOPIZI” 
pOrFOPOZSIZI 
pOrTORS6SIZI 
pO+H0069121" 
pOHHORELLIZE' 
pOHAOIBL81Z1" 
pO+FOEP66IZI 
pOHHOCLTZIZZ1° 
pOHAOGbL77Z0- 
pOrdOzser7z1° 
yO+H0L0197Z1" 
pOrdOzL6L2Z1° 
p0+H0P666221° 
pOTHOLEIZEZT: 
pOHAOEEPEZI 
pOrdO1gg9ezl: 
pOHROPSE6ETI 
pOHHORZOIYZI" 
pO+A06ZS PPC 
pOHSOSOILYZI 
yO+AOLOL6YZI" 
POHHOSEEZSZI 
pOrdOso6rszt: 
POTHOPOSLSZI’ 
wO+AOIZZ097T" 
pOTHOE6LZ9ZI" 
pOFHOLOESIZI" 
pO+HO88LL971" 
pO+HOZ6ZOLZI" 
yOFAO9OLZLZ1° 
pOHHOZIISLZN' 
pO+S07SPLLZ1° 
pO+A07P86L71° 
pO+H02617871" 
vOrHOZESPRe I’ 
yO+H01689871" 
0+H08976821" 
pO+H0S0916Z1" 
90+H0668€621" 
vO+d06r1 9671" 
$0+H091 P8671" 
pO+H0L0900€1° 
pOHAOISLZ0€T" 
pOtHOPSLPOET 
yO+HOPELOOEI” 
0+H099980€1" 


1O+F0967£967° 
10+F090S91L0r" 
10+H07Z981 9S" 
10+H0€0L9769" 
TO+HOPL78S 78" 
lO+A0L7PE196" 
70+H0028920U" 
CO+H0S65661 1" 
7TOFFOSLOSSEL 
COHAOETHZIST 
70+F0010L991" 
70*+3907066781" 
7O+H0687I LOT 
7O+F080P01 12" 
ZO+FOOOLIS7Z 
7O+AOIT8S6ET 
7O+H0L769987° 
7O+HOSO0ELIT™ 
ZO+AOLPILELZ 
7O+H0L0Z 1087" 
7O+F0S€E86087" 
7O+H06L0L1 82° 
7ZO+AO6SOEEST 
ZO+AOSCOP PET 
7O+FOL79P98C" 
70+3087L0987° 
TO+H076 19182" 
COFHOLTE ISLE" 
ZO+AOTTIZOLT 
7O+2H0S608697" 
7O+HOVPOPLIT 
7O+A06CHS 197" 
7O+H08L7685C° 
ZOF+HOISBYLST’ 
COFHOSPETHSC” 
7ZOFAOSITLEST 
20+H019009SC° 
COFAOSBTHOST™ 
70+H060085S7° 
CO+AOSB9V IST 
ZO+A09LI ONC" 
COFHOSIOBPPC" 
70+H0S68900C° 
7OFAOTTEZS ET 
COFHOTS9 ISTE" 
ZO+H087995 12" 
ZO+AO06SST IZ 
COFHO96TST IZ" 


OO+F090L 1771 
00+30198S 161" 
00+5081 11 E87" 
00+20PP6L380P" 
00+308r73809S" 
O0O+H0LS910PL 
00+H 01178976" 
10+A00T6ZL1T 
1O+S0LOC6ZPl' 
1lO+HO8S98I LT 
1O+HOOE88E07" 
TO+HOTSEL6ET’ 
TO+HOP618L17° 
TO+FOPS6881E° 
TOFAOLI FEES’ 
10+900067Z0Tr" 
TO+A00SS L09¢" 
10+9096S8F 1S" 
10+F0SLS869S" 
10+30re08979" 
TO+FO0E6S9P89" 
T0+300007Z PL" 
10+30626S008" 
1O0+A08th06S8" 
TOFHOEIEI S16 
1O+Q0PTLIOLLE 
ZO+HO9S89COT 
CO+HOE6LPGOT™ 
ZOFHOBOST STI 
7O+A0619L07U 
ZO+HOSBEPITT 
ZO+HF0PSLOT EL” 
TOFHOTECHLET” 
CO+AOSOLETHI” 
7O+AOTSL78PI" 
CO+AOGOI9EST" 
7O+HOTHIOSST” 
COHROEZOPYOT 
70+906€06691" 
ZOFTOSSPESLT 
7O+H06Z79081" 
7O+H08L98S81" 
7O+AOESGOTOI™ 
70+H09081961" 
ZOFHOETOI LOZ" 
ZO+A06E06S07" 
COFHOILLPOTZ 
Z0+H099705 12" 


€0+H0868569¢° 
€0+5091 F069¢" 
€0+30061 £894" 
CO+AOELTELIE’ 
€0+390S87199€" 
COFFOSSI LPO" 
€0+F08880E9¢" 
£O+HO60 1 E19" 
£0+H07L676S€° 
€0+S09L70LSE° 
€0+H0661Spse" 
CO+HOLESLISE” 
COHFOLEVLEVE 
CO+AOOE HSS He” 
£0+3008807 Ft" 
£OFAOOS PHBEC™ 
CO+AO1OPS rec” 
CO+HOIESCOEC™ 
€0+30787 (97€" 
€O+HOOSSLIZE” 
COFHOTPZELIE’ 
€O+DOVOTHT IC™ 
€0+3091 8r80C" 
CO+HOPT POPOL” 
€0+H00L95667° 


£0+H0L09798C" 
€0+H0P7 10787" 
£O+A0SO7BLLE 
€0+H0806SEL7° 
£0*+A079LP69T 
COFHOESE PSI 
€0+340801 197° 
COFHOOETP LST’ 
£0+H 0700S ESC" 
EO+ROSSES6KE 
€O+A008PSS PC 
CO+HOPSLST HC" 
€0+H0S719LET 
CO+AOC6LLEET™ 
£0+90L816677" 
£0+30666197c" 
€O+HOLTESTEZ™ 
CO+AOLLTESIC™ 
LOFAOSPESS IC™ 
£O+F06897Z IZ" 
£0+30691 0607" 


t0+H00000S C6" 
10+506666£66° 
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T0-A010066€C° 
10-H010066€7" 
10-016 766€7° 
10-3010066€7° 
10-HO19L86€7° 
(0-5007S 867" 
10-A00P086¢7" 
10-H0L6S96€7° 


vO+AOESLESEE® 
POFFOESLESEC 
vO F0PSLEsee’ 
PO+dOZSLESEE” 
POFHOISLESEC 
vOrHOOSLESEC’ 
POTAOSPLESEE 
vO+HOSELBSEE” 


vO+A090SE1ZT" 
vOTAOSOSETTI 
vOTHOVEPEIZI" 
POFO90SEIZI 
POFHOSTSEITI 
POFROOSSEITT 
POTROPOSEITI 
pO+HO8e 2121" 


00+35077L768"~ 
00+350779L768"— 
1O-HOT8POrSC 
00+H011$6907° 
00+H06ZL 1071" 
OO+F0TOZ OTP" 
00*+H0C0E £816" 
TO+HOOLLE8S8T° 


IO-FOLETLYLT 
TO-HOLETLYLT 
TO-SOESLOOET 
10-30610688¢" 
10-H006P671€" 
TO-AO08ZOLEC™ 
TO-dOPP6I LLY 
1O-HOvIZB8TL 


cO+AOOSEEOLE” 
£0+F008EC0LE" 
£0+HOCELEOLE 
tO+HOS9ZEOLE 
CO+AOSLOCOLe” 
€0+H0888Z0Le" 
COFACOBLIOLE™ 
€0+9076L669¢" 
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Pressure 


128.000 
132.000 
136.000 
140.000 
144.000 
148.000 
152.000 
156.000 
160.000 


78 


Rate 


13.541 
12.975 
14.224 
15.447 
16.280 
17.023 
17.316 
16.331 
16.696 
18.094 
18.619 
19.032 
19.116 
19.589 
20.142 
19.594 
19.358 
19.206 
20.219 
20.968 
21.141 
21.156 
21.708 
22.886 
23.741 
24.268 
24.569 
24.934 
25.408 
25.618 
25.617 


Pressure 


252.000 
256.000 
260.000 
264.000 
268.000 
272.000 
276.000 
280.000 


Rate 


25.459 
25.409 
25.636 
25.841 
26.059 
26.519 
26.881 
27.002 
27.251 
27.773 
28.301 
28.615 
28.626 
28.442 
28.342 
28.204 
28.120 
28.046 
27.864 
27.683 
27.088 
26.314 
25.030 
23.343 
21.735 
20.036 
18.159 
15.758 
13.012 

5.903 


PLOW 
MPa 


19. 
37. 
93. 
30. 
30. 


RANGE 


PHIGH 
MPa 


ay: 
93. 
278. 
300. 
280. 


Table of Bum Rate Laws 


COEF 
CM/S-MPa*EXP 


.174479E+00 
.247634E+00 
.177142E+00 
.251033E+00 
.249648E+00 


719 


EXP 


929768 
839917 
900312 
833238 
834555 


CORR COEFF 


985229 
949415 
.966770 
991191 
990259 


INTENTIONALLY LEFT BLANK. 


APPENDIX F: 


BRLCB RESULTS FOR TRACK 3 


INTENTIONALLY LEFT BLANK. 


BURNING RATE ANALYSIS 
BRLCB V3.0 
ADVANCED BALLISTIC CONCEPTS BRANCH ~ BRL 


Project : BC MS BURN RATES Requested by : W. Oberle 
Inf File: a:m5t3.inf Created From .MAS File : a:m5.mas 

P/T File: a:m5t3.pvt Caiculation Output File: a:m5t3.out 
Smoothed: a:m5t3.pdt Graphics File 2: a:mSt3.dat 


Fired on: 23 Nov 92 


FIRING REMARKS: 
Bill Aungst: Operator 


REDUCTION REMARKS: 
Reduced on 12 Dec 92 by W. Oberle 


IGNITER INFORMATION 
The Igntier Used Is : Black Powder Lot: FEFG 
The Source For The Igniter Is: Pellets, Milan Ord. 


IGNITER THERMOCHEMICAL PROPERTIES: 


Impetus (J/g) : 290.0 Molecular Weight: 66.37000 
Flame Temperature (K): 2188:0 .7850@ovolume (g/cm?) 
Density (g/cm) : 1.75000 Gamma : 1.21840 


PROPELLANT INFORMATION 

M5 Lot: RAD-64597 Of 1966 
Radfort Army Ammo Pl 

Following Sheets of Output 


The Propellant Used Is 
The Source For The Propellant Is 
Propellant Thermochemical Properties: 


ee ee ae 


PROPELLANT GRAIN GEOMETRY 
Grain Type: 1-Perf. Cyl. 
Length --- (cm.): .574294 


Outer Diam.(cm.): .136906 
Perf Diam. (cm.*: .040894 
Inner Web (cm.): .048006 
Bomb Information Gage Information 
Bomb Type : Closed Chamber Gage I.D. : €14430 
Boinb Vol (em? »: 209.0 Input Voltage : 7.31590 


Constants For Fit: A+Bx+C*2 
A: .20157E+01 
B: -52474E-01 
C: ~.12544E-06 


Temperature and Charge Mass Information 


Propellant Mass (g) : §2.3564 Igniter Mass (g) : 1.5000 
Initial Temp. Prop. (K) : 294. Igniter Temp. (K) 2 «6294. 
Initial Bomb Temp. (K) : 294. 

Number of Propellant Grains: 4121.02 

Number of Wildpoint Passes : 1 Wildpoint Tolerance: 2.000 
Number of Smoothing Passes : 1 Smoothing Option ee | 


Bridge Length 
$I EIS III IIIS IOI III III IIIT IR IIR IRA 


83 


PS SESE SASS ESESESLASSLSAS ESS SSRIS ESSE SSS CSE SESS SS ERE SES SSS ESSE SESE SESS ASA ESSER SSS SO | 


Total # Layers = 1 

Chamber Volume (cm3) = 209.000 

Heat-Loss-Fraction (n-d) = .000 

Time Step (mil-sec) = .10000000E-01 Max Time Steps = 1200 

Convergence Criterion = .10000000E-04 

Computation Type (1=BURN-RATE, 2=PTGEN, 3=SURF AREA, 4=INTERR BOMB, 5=ETC) 1 


KK RIKKI KKK KK EKER KK KKK KKK KEKE KE RKEEREKEEREKKEKKREKEEKKEKKKEKKEKKKKKKRKKAKAKKEKEAKKKEAK 


Beginning (1) of Layer End (2) of Layer 


PeSRSESEESSESCS ESE SSE SE SESE RES SRE ER ESS RES ELSSSSESELSSSESLASASESSEALSSAL SASL ESL EE SESS SS 


Propellant Mass in grams 
PSS SEC EAE SSSA ASS ASSES ASAE SESE S ESAS SASSER SEESAESSSAERESEESARSSSESSSSSSSSSSAS ESAS SLES ES 
1 §2.35640 
Ignitor 1.50000 
Air .21240 


PESSESSESSESSIOCSCSLSLS SSE SSE SAS ESSE SESE SSE ESR ELAR EAE SESS SRE SSS SSS ESSERE SSS SELES ESSE SE 


Propellant Density in g/cm? 
HK KKK KAI KK KKK KH KEKE KEKE EKER KEKE ERE KEKE KM EKER EERKEKKKEKEEKERKAKEKKREK 
1 1.65000 1.65000 
Ignitor 1.75000 


PASSE ESSSISLSCSLSSSLECS SS SES SELES ESS SES ES ASSES SS SL ESE SELLE SLE SESE LASSE SESS SERS SS SS 


Propellant Impetus in J/g 
PES ESSEC SC SESE LCS LSESASL SESE SLOSS AES SESSSL ESSE SASS AAS ALASLLASL ELSES ESS SASS SES SL SL ESE SEES SE 
1 1093.00000 1093.00000 
Ignitor 290.00000 


KKK KWH HH KK KKH KKK IKK KK KKK KKK KER EK KKK K KEKE KEKE EEKEEKKKEKKEKKKKEKKKKKKKKK 
Propellant Flame Temperature in deg K 


SOI IOI IOI TOO OOS TORII OAR OOOO OOOO IU tot 
1 3379.00000 3379.00000 
Ignitor 2188 .00000 
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Propellant Molecular Weight in g/g-mol 
WMH KH KKK KKK KKK KKK KKK KKK KIKEKKKKRUERKREKEREKEKEKERKKKKERKEKEREEKEKEEKKKKEKKKKK 


1 25.70266 25.70266 
Ignitor 66.37000 
Air 28.90000 
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Propellant Gas Constant in cal/g-deg K 
KK KKKKKKKKEKEK EKER KEKE KEKE KEE KEREK KKK KK EKER KKK KEKE KKKKKKKEKKEEKEKKKEKKEKREKEKKKKKEK 
1 .07731 .07731 
Ignitor -02994 
Air - 06876 
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Gamma (Ratio of Specific Heats) 
RRR AKER K KEKE KEKE KERR KE KKK KEKE KEK KEKE KEK KEKKEKKKKEKEKKEKKREREKREKKKKKER 
1 1.22580 1.22580 
Ignitor 1.21840 
Air 1.40000 


RHE KKKKKKKKEEREKEKKKE KKK KEK KKRIKEKEKEKRKEKREKREKEERKRERREREKAKKKEEKEEKEKKKKEEKREEKKKKKKEK 


Specific Heat (Cv) in cal/g-deg K 
LZR RESESESELLEESLSLESLESSASASESSLELSASEL ESE SSL ERLASLESL ESSE SLES SASSER SESS SESE SEL ASSES SE 
1 -34240 . 34240 
Ignitor -13709 
Air -17190 


PAS RASLESALE SESS SLERLAES SES SSESLE SESE ESSASLERSRSALSSSSSSASESSEELESESE LASSE SSSA SASS Ss 


Covolume in cm?/g 
KEKE KKEKKKKKEEKKEKRKKEKEERKEKEKKEEKKEKEKEREKKKEKEKEKEEKEEKKRKEKKEKEKEKEREKKEKEKNR EK 
1 - 98400 . 98400 
Ignitor 78500 
Air - 98000 
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Pressure Rate Pressure Rate Pressure Rate 
4.000 145 128.000 15.030 248.000 25.117 
8.000 628 132.000 15.457 252.000 25.017 

12.000 1.390 136.000 16.193 256.000 25.225 

16.000 2.129 140.000 16.040 260.000 25.897 

20.000 2.967 144.000 16.423 264.000 26.483 

24.000 3.543 148.000 15.496 268.000 26.926 

28.000 3.841 152.000 16.639 272.000 27.216 

32.000 4.131 156.000 14.397 276.000 27.464 

36.000 4.793 160.000 16.541 280.000 27.703 

40.000 5.164 164.000 18.599 284.000 28.002 

44.000 5.558 168.000 20.057 288.000 28.491 

48.000 6.919 172.000 19.753 292.000 28.706 

52.000 6.419 176.000 19.039 296.000 28.625 

56.000 6.171 180.000 19.104 300.000 28.954 

60.000 7.748 184.000 18.216 304.000 29.095 

64.000 8.309 188.000 18.223 308.000 28.869 

68.000 8.470 192.000 18.295 312.000 28.499 

72.000 6.756 196.000 19.979 316.000 28.044 

76.000 9.022 200.000 21.948 320.000 27.468 

80.000 10.947 204.000 22.666 324.000 26.862 

84.000 11.795 208.000 23.229 328.000 26.293 

88.000 11.591 212.000 23.654 332.000 25.615 

92.000 11.109 216.000 23.772 336.000 24.819 

96.000 12.375 220.000 23.937 340.000 23.525 

100.000 10.918 224.000 23.985 344.000 21.754 
104.000 11.740 228.000 23.843 348.000 19.870 
108.000 11.203 232.000 24.101 352.000 17.488 
112,000 11.242 236.000 23.906 356.000 14.848 
116.000 13.243 240.000 23.731 360.000 11.765 
120.000 16.227 244.000 24.524 364.000 7.163 


124.000 14.583 


PHIGH 
MPa 


37, 
92. 


Table of Bum Rate Laws 


COEF 
CM/S-MPa* EXP 


.308054E+00 
.157450E+00 
.221427E+00 
.204503E+00 
.206544E+00 


751852 
944995 
859388 
876157 
873784 


CORR -COEF 


969462 
944823 
.967566 
990695 
991358 


INTENTIONALLY LEFT BLANK. 


APPENDIX G 


BRLCB RESULTS FOR TRACK 4 


INTENTIONALLY LEFT BLANK. 


100 


BURNING RATE ANALYSIS 
BRLCB V3.0 
ADVANCED BALLISTIC CONCEPTS BRANCH - BRL 


Project : MS BURN RATES Requested by : W. Oberle 
Inf File: a:m5t4.inf Created From .MAS File : a:m5.mas 
P/T File: a:m5t4.pvt Calculation Output File: a:mSt4.out 
Smoothed: a:m5t4.pdt Graphics File >: a:mSt4.dat 
Fired on: 23 Nov 92 
FIRING REMARKS: 
Bill Aungst: Operator 
REDUCTION REMARKS: 
Reduced 12 Dec 92 by W. Oberle 
IGNITER INFORMATION 
The Igntier Used Is : Black Powder Lot: FFFG 
The Source For The Igniter Is: Pellets, Milan Ord. 
IGNITER THERMOCHEMICAL PROPERTIES: 

Impetus (J/g) : 290.0 Molecular Weight: 66.37000 
Flame Temperature (K): 2188.0 Covolume (g/cm): .78500 
Density (g/cm-) 1.75000 Gamma > 1.21840 

PROPELLANT INFORMATION 
The Propellant Used Is > MS Lot: RAD-64597 Of 1966 


The Source For The Propellant Is : Radford Army Ammo Pl 
Propellant Thermochemical Properties: Following Sheets of Output 


PROPELLANT GRAIN GEOMETRY 
Grain Type: 1-Perf. Cyl. 


Length --- (cm.): .574294 
Outer Diam. (cem.): .136906 
Perf Diam. (cm.): .040894 
Inner Web (cm.): .048006 
Bomb Information Gage Information 
Bomb Type : Closed Chamber Gage I.D. : €14430 
Bomb Vol (cm?) : 209.0 Input Voltage : 11.5600 


Constants For Fit: A+Bx+C%*2 
A; -20157E+01 
B: -52474E-01 
C: -.12544E-06 


Temperature and Charge Mass Information 


Ae ee Ae te iy ee es mr 


Propellant Mass (g) : 73.1632 Igniter Mass (g) : 1.5000 
Initial Temp. Prop. (K) : 294. Igniter Temp. (K) s 294. 
Initial Bomb Temp. (K) 2 «294, 

Number of Propellant Grains: 5758.74 

Number of Wildpoint Passes : 1 Wildpoint Tolerance: 2.000 
Number of Smoothing Passes : 1 Smoothing Option : 1 
Bridge Length : #15 


RHEREEKHERAERERRARRERRERERERRERERERREREREERREREREERREREREEREERARREREERER ER EERE 
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PRESS SESASSSZASLELESSLE SEE SLES ESS SESS SERRE SRS ESS SRS SESS ESE RSS ESE RSE RRA ESE SESE SS 


Total # Layers = 1 

Chamber Volume (cm’) = 209.000 

Heat-Loss—Fraction (n-d) = .000 

Time Step (mil-sec) = .10000000E-01 Max Time Steps = 1200 

Convergence Criterion = .10000000E-04 

Computation Type (1=BURN-RATE, 2=PTGEN, 3=SURF AREA, 4=INTERR BOMB, S=ETC) i 


PEPE RPESELESES SESS ERE SSS SSE E RES SER EES SESS SS ESSERE ARSASSLASLE LASSER SRSA RARER AS ESE Ef 


Beginning (1) of Layer End (2) of Layer 


FEES ELESLEESSASSSES SSL SSE REE SR SSE SERS EERE RAS ERR SRA SESSASR AEE SES SESSA RR SARS ESSA SES SS! 


Propellant Mass in grams 
POSE SPSSESESSIESSSSSSAESECSSESESSASESESCAL ESE SE SELES SES ELSES EER ERE SERS RES SESE RSS ES ES 


1 73.16319 
Ignitor 1.50000 
Air 19722 


HMR KARE RRR KER ERK KRKEREKKEKREKKEKEKKEEKKEAKERREEKEKKKKKEKEKKEREREKKARAEKEKEE 


Propellant Density in g/cm? 
KKK KEK KKK KEREKKERKEKEKEKKEREEKEKKKKKKEEKEKKEKEKEKKKKHAEAKEKRAKERERREERAKRKKKKKKKHHKE 
1 1.65000 1.65000 
Ignitor 1.75000 


PP SESLTCCCCTOCCLCITSSCESCCISSCSISESSE SESS ASSES ESSA SELS SESE SESE SESS SAS ES SSE SRE SSR SET SEES 


Propellant Impetus in J/g 


PES SESE SISCLEOC SCS SSAESSCSL ES SSAE SSE SESE EES ELE SESS SSA SES SERS S ESS S RSLS SES SESS EE SS SE SY 


1 _1093.00000 1093.00000 
Ignitor 290.00000 


TESS ESESILCSCSIOCSSI“CSESELASASE SECS AL SSE SRE SESS ESE SLL SEER ES EEE SESS SER SERS SEES ESS SS 


Propellant Flame Temperature in deg K 
PSC eSSESESLSELSSELCLSCLL ALE LES E LSS ESR ESR S RSE SSE SESSA EES ESE LESS SSS SRE SRS RSE SS ESS SES SS 
1 3379.00000 3379.00000 
Ignitor 2188 .00000 


RERKEREKEKEKEREKRKEKKEKKKEKKKEAEKEREKKEREEKEKEKKKEKEKEEKKERKEKKEREKEKKKKEKEEKKKKKKKEKE 


Propellant Molecular Weight in g/g-mol 
RRKKKEKRERERRKKEREKKEKKAKEKEREREKEREKCEEKKEEREKREKEKEREAERKEKEEKEREEKKERKEEKEKREEKKKEKK 


1 25.70266 25.70266 
Ignitor 66.37000 
Air 28.90000 


PSReESRESESLSESRELSLESSLESESSELASLASE SE SESS ESS SLE SSSR SSSR SSE SSE SLES SESE SASS ESE LESS SY 


Propellant Gas Constant in cal/g-deg K 


tA REPRE SLESSESESSSEAESELESES SEE SESE SSSR SSE SESE SSE RSS ESE ESE SE SASSER REALS AS ELS ESS SY! 


1 .07731 -07731 
Ignitor -02994 
Air . 06876 


;e Ste SeSeESESSESSE SE ESSE RELEASES SESESLE SESE SLES ESAS ESSA SEL ELASZESL LSS SSE LASERS R SRE SSS ES 


Gamma (Ratio of Specific Heats) 
PERS SERISCLESESESE SSE LASS SESE SSS SEP SSS SSE RES ESE LES ESSE SES SER ESS SS SERS SLRS ESE E SS SS 


1 1.22580 1.22580 
Ignitor 1.21840 
Air 1.40000 


PES SSLESEESSSASLESSASE SELES SSSSESELE SER SSSR EASE SESS SESE SESS ESS SESE REA SSS ESE SEES! 


Specific Heat (Cv) in cal/g-deg K 
RHEE REKEREKKREKKE ARERR EKRREKKKEEKEEKKK REE REE ERKEKEKREKERREKKEEEEKREKKEKKEKKEKEEKK 


1 - 34240 -34240 
Ignitor -13709 
Air 17190 


PESZSSESLESLESLEL LES SALE SASS SALSA SSS ESESSEEL ESSERE SESE SERS SES AAS SASS SASL ASL ASL AS SSE SS 


Covolume in cm3/g 


PERESSLSLESE ESE SSSR ESSERE SESS SALES ESAS EASELS SL ELESASCALARLE LEASES SALES ASA SSS SS SS 


1 -98400 - 98400 
Ignitor - 78500 
Air - 98000 


PEC SESESZISL SSE LES RETESET EP SSE SERS SESS ERS RE ES SSE ESSE SSAC RS ESS SE SLES ES SS SLES ESE SD 
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312 000 
320.000 


1 


Rate 


20.487 
21.267 
21.946 
22.347 
22.556 
22.678 
23.118 
23.586 
24.055 
24.510 
24.935 
25.296 
25.384 
25.453 
25.525 
25.804 
26.080 
26.354 
26.603 
26.911 
27.367 
27.801 
28.223 
28.695 
29.155 
29.528 
29 $42 
30.039 
30.329 
30.720 
31.085 
31.433 
31.717 
31.968 
32.258 
32.568 
32.758 
32.884 
33.018 
33.158 
33.399 
33.733 
33.972 
34.067 
34.175 
24.329 
34.503 
34.921 
35.338 


Pressure 


396.000 
400.000 
404.000 
408.000 
412.000 
416.000 
420.000 
424.000 
428.000 
432.000 
436.000 
440.000 
444.000 
448.000 
452.000 
456.000 
460.000 
464.000 
468.000 
472.000 
476.000 
480.000 
484.000 
488.000 
492.000 
496.000 
500.000 
504.000 
508.000 
512.000 
516.000 
520.000 
524.000 
528.000 
532.000 
536.000 
540.000 
544.000 
548.000 
552.000 
556.000 
560.000 
564.000 
568.000 
572.000 
576.000 
580.9100 
584.000 
588.000 


Rate 


35.714 
36.083 
36.420 
36.734 
37.034 
37.289 
37.545 
37.770 
37.989 
38.219 
38.465 
38.710 
38.930 
39.147 
39.381 
39.639 
39.897 
40.136 
40.372 
40.541 
40.440 
40.338 
40.137 
39.848 
39.558 
39.317 
39.079 
38.736 
38.185 
37.635 
37.028 
36.405 
35.847 
35.395 
34.938 
35.104 
33.270 
32.226 
31.105 
29.889 
28.612 
27.066 
25.361 
23.367 
21.215 
18.776 
10.950 
18.529 
18.628 


PLOW 
MPa 


30. 

59. 

148. 
20. 


Range 


PHIGH 
MPa 


Table of Burn Rate Laws 


COEF 
CM/S-MPa*EXP 


.510368E+00 
.274854E+00 
.283246E+00 
.315470E+00 


EXP 


.665335 
815497 
810907 
.790155 


CORR COEF 


989260 
978654 
991613 
.998209 


APPENDIX H: 


BRLCB RESULTS FOR TRACK 5 
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INTENTIONALLY LEFT BLANK. 
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BURNING RATE ANALYSIS 
BRLCB V3.0 
ADVANCED BALLISTIC CONCEPTS BRANCH - BRL 


Project : MS BURN RATES Requested by W. Oberle 
Inf File: a:m5t5.inf Created From .MAS File a:mS.mas 
P/T File: a:m5t5S.pvt Calculation Output File: a:m5t5-.out 
Smoothed: a:m5t5.pdt Graphics File > a:mStS.dat 
Fired on: 23 Nov 92 
FIRING REMARKS: 
Bill Aungst: Operator 
REDUCTION REMARKS: 
Reduced 12 Dec 92 by W. Oberle 
IGNITER INFORMATION 

The Igntier Used Is Black Powder Lot: FFFG 
The Source For The Igniter Is: Pellets, Milan Ord. 

IGNITER THERMOCHEMICAL PROPERTIES: 
Impetus (J/g) : 290.0 Molecular Weight: - 37000 
Flame Temperature (K): 2188.0 Covolume (g/cm?) : - 78500 
Density (g/cm’) : 1.75000 Gamma > 1.21840 


PROPELLANT INFORMATION 
The Propellant Used Is : MS 
The Source For The Propellant Is : 
Propellant Thermochemical Properties: 


PROPELLANT GRAIN GEOMETRY 


Grain Type: i-Perf. Cyl. 
Length --- (cm.): .574294 
Outer Diam.(cm.): .136906 
Perf Diam. (cm.): .040894 
Inner Web (cm.): .048006 


Bomb Information Gage Information 


oe a et SG NS NT TE SS le SN A DS NN i US SUD SUD GD SAE DGD ne whe 


Bomb Type Closed Chamber Gage I.D. 
Bomb Vol (cm3): 209.0 Input Voltage 


Constants For Fit: 


A: -20157E+01 
B: -52474E-01 
Cc: -.12544E-06 


Temperature and Charge Mass Information 


Lot: RAD-64597 Of 1966 
Radford Army Ammo Pl 
Following Sheets of Output 


C14430 
11.5600 
A+Bx+C%2 


Propellant Mass (g) 73.1950 Igniter Mass (9g) 1.5600 
Initial Temp. Prop. (K) 294. Igniter Temp. (K) 294. 
Initial Bomb Temp. (K) : 294. 

Number of Propellant Grains: 5761.24 

Number of Wildpoint Passes : 1 Wildpoint Tolerance: 2.000 
Number of Smoothing Passes 1 Smoothing Option 2: 
Bridge Length : #15 


HRA REEREKEREKEKKKEEEEKEEKEEKERKEKEEKKRKEKEKREKEEKKKKEEEEKEKKKKKEEKE 
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PSE SSSESRSESSESLASESSESLSESESES LESS ESE SSE SEER ESAS SES EARS EES SSE R ESE SSE PASE SEES ERS SES I 


Total # Layers = 1 

Chamber Volume (cm?) = 209.000 

Heat-Loss-Fraction (n-d) = .000 

Time Step (mil-sec) = .10000000E-01 Max Time Steps = 1200 

Convergence Criterion = .10000000E-04 

Computation Type (1=BURN-RATE, 2=PTGEN, 3=SURF AREA, 4=INTERR BOMB, 5S=ETC) 1 


Pee SRESSAAESSLERESSESESE SESS ESSL ASSESSES ARSSESRESSSESESLEESS SESE SESE SASS SAS SESS SS SS SY 


Beginning (1) of Layer End (2) of Layer 


PEE SSARESRESSALELAES ELSES SELES ESSESSESLESSESSALSESASAESASES EES S ESE SERS ESS SESS ESSE SSS! 


Propellant Mass in grams 
PSS eoESSPRESALSASASRESALER SESE SALES ELSSSESASASSASSSLALL ES SESSESSESSLESE SEES SSE RSS SESS SE SE 


1 73.19500 
Ignitor 1.50000 
Air .19719 


PES ECEASELESLESL SCAR ESS ASSESSES SEES EES ER ES ELSES ESE SESE AS ESS SSS SSE RESALES SRS ELSE SE SF 


: - 3 
Propellant Density in g/cm 
PES SESESSEALASELASAESLESEESASESESASSSAASSLALAESALEASE SALES TS SS SEE SSS SS SLES CESS SEES eS SE 
1 1.65000 1.65000 
Ignitor 1.75000 
PSS SeRPESESLCCLCECLSSSAESSESASSICSASESASSSOSSRESEEE SE AALS SEALE SEP SSE EC SERS SSE SSS SASS SG 


Propellant Impetus in J/g 
KEK KKK KEKE KEKE KKEEEKKEKE ERE AKREKEEKK REE KERKKHRERUEKEKKEEEEEEEREKREKEKKEKEEKEK 
1 1093.00000 1093.00000 
Ignitor 290.00000 


PS eS SESS SELES SSE SSS LE LE SE SES ESSER SS SE SR ESE SESE SS SE SASS ESSE SESE SSS ERS SASL SSE RSS SSE SY 


Propellant Flame Temperature in deg K 
REE KEKKEKIKRRREKAK KEKE KEE KM KKK REE KREMER KAMER EKKEEKEREKREKKEREKKEKEE 
1 3379.00000 3379.00000 
Ignitor 2188.00000 


PES SRELSSERSSAELSAESESEL ESE SSE LS SE SSE SSS SEES SES SS EE SESS SE SEES SSE SEES SSE ESAS ESR SESE 


Propellant Molecular Weight in g/g-mole 
Lea eS SEESEASEE SEE LESESSSLASLESESESAS SES ASSESSES SSE SESE SSS EES ELE SESS SSS S ELSES SSS EES 


1 25.70266 25.70266 
Ignitor 66.37000 
Air 28 .90000 


HHEKKRK KKK KHER ERK KKH KKK EK KKK KEKE REE KKK ERK KEE KK EKER KKEKEKEKEKEKKEIKRREKKEKEEKKHEKK 


Propellant Gas Constant in cal/g-deg K 
RHEE KKK EEK KKK KKRE KEKE KKK KKK EK EEKRKKEKKKKREKEEEKEKEKEKEKERKERKEKEKEREKEKEAKKKKEE 


1 .07731 -07731 
Ignitor .02994 
Air 06876 


[eee ee SeSSSSESSERESEESARASLESES ESS ESESLE SESE ESS SSE ESSE SSL EE RES ESSE SESE SSSR SESS SY 


Gamma (Ratio of Specific Heats) 
tS SSESEEESSSSSSESLS SSS SS SESS SSE SSL SSR E SSS SSE SE ESE SSS TRESS SES APES SSE SSSA SSE SES SD Eo 


1 1.22580 1.22580 
Ignitor 1.21840 
Air 1.40000 


PES EESLESASESSASLASLLESSLSSESESESESSSE ESLER SSE SESS SEE SS ESE SLRS SSE SESE SES SS SESS SS SY 


Specific Heat (Cv) in cal/g-deg K 


[Le eSeSSESERELESESSRE SSS SSSR SSSSSSSLE SEALS SESS ES ESSSSESSSESSESASSAE SAS SLE LESS SESS SS SG 


1 ~34240 - 34240 
Ignitor .13709 
Air -17190 


PEE SSESESALELESESASLESEE SALES ALASLESES ESE SESS SEE SES ES ESE SESS SS SE SSR SESE SE SES ES SE SE 


Covolume in cm?/g 
HMA KEKKERUKEKRKEREKKERKREKEMEKKEK EERE EKREKE HEREC KEREKEKEKKEEKEKKEEKEEKEREKEAREKKKK 


1 - 98400 - 98400 
Ignitor 78500 
Air - 98000 


PEReLESERE LEER ELE SAS ERR S ES SASS ESESR SES SESS SESE SERS SSS ESSEC SER EE ERE SSR RSE SS RSE SES 
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Pressure 


4.000 
8.000 
12.000 
16.000 
20.000 
24.000 
28.000 
32.000 
36.000 
40.000 
; 44,000 
48.000 
52.000 
56.000 
60.000 
64.000 
68.000 
72.000 
76.000 
80.000 
84.000 
88.000 
92.000 
96.000 
100.000 
104.000 
108.000 
112.000 
116.000 
120.000 
124,000 
128.000 
132.000 
136.000 
140.000 
144.000 
148.000 
152.000 
156.000 
160.000 
164.000 
168.000 
172.000 
176.000 
° 180.000 
184.000 
188.000 
192.000 


Rate 


174 
102 
1.541 
2.292 
3.140 
3.490 
4.228 
4.853 
5.442 
5.988 
6.422 
6.666 
7.058 
7.600 
8.495 
8.522 
8.473 
8.548 
8.919 
9.377 
10.469 
11.180 
11.797 
11.701 
12.080 
12.341 
12.596 
12.887 
13.311 
14.187 
14.146 
14.265 
15.131 
15.260 
15.338 
15.915 
16.266 
16.496 
17.039 
17.557 
18.171 
18.987 
19.483 
19.650 
19.668 
19.827 
20.114 
20.247 


Pressure 


196.000 
200.000 
204.000 
208.000 
212.000 
216.000 
220.000 
224.000 
228.000 
232.000 
236.000 
240.000 
244.000 
248.000 
252.000 
256.000 
260.000 
264.000 
268.000 
272.000 
276.000 
280.000 
284.000 
288.000 
292.000 
296.000 
300.000 
304.000 
308.000 
312.000 
316.000 
320.000 
324.000 
328.000 
332.000 
336.000 
340.000 
344.000 
348.000 
352.000 
356.000 
360.000 
364.000 
368.000 
372.000 
376.000 
380.000 
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Rate 


20.118 
20.222 
20.554 
21.055 
21.603 
22.050 
22.407 
22.812 
23.292 
23.889 
24.381 
24.735 
24.904 
24.998 
25.147 
25.396 
25.618 
25.830 
26.028 
26.381 
26.803 
27.314 
27.840 
28.381 
28.932 
29.486 
30.072 
30.636 
31.068 
31.452 
31.666 
31.905 
32.210 
32.494 
32.722 
32.891 
32.874 
32.912 
33.189 
33.490 
34.934 
34.376 
34.456 
34.536 
34.628 
34.723 
34.917 


Pressure 


384.000 
388.000 
392.000 
396.000 
400.000 
404.000 
408.000 
412.000 


Rate 


35.162 
35.394 
35.609 
35.851 
36.211 
36.571 
37.000 
37.437 
37.808 
38.121 
38.422 
38.605 
38.788 
38.970 
39.151 
39.351 
39.739 
40.128 
40.414 
40.614 
40.814 
40.781 
40.717 
40.686 
40.759 
40.832 
40.829 
40.773 
40.716 
40.342 
39.934 
39.460 
38.785 
38.111 
37.311 
36.456 
35.574 
34.513 
33.652 
32.591 
31.525 
30.148 
28.589 
26.889 
24.997 
22.878 
17.911 


Table of Bum Rate Laws 


RANGE 

PLOW PHIGH COEF EXP CORR 
MPa MPa CM/S-MPa*EXP COEF 
991201 

30. 59. .323998E+00 .783304 
59. 148. .282177E+00 811974 981494 
148. 443. .284842E+00 811954 996450 
30. 440. .295513E+00 804638 998717 
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BURNING RATE ANALYSIS 
BRLCB V3.0 
ADVANCED BALLISTIC CONCEPTS BRANCH - BRL 


Project : M5 BURN RATES Requested by : WwW. Oberle 
Inf File: a:mSt6.inf Created From .MAS File a:mS.mas 

P/T File: a:mS5t6.pvt Calculation Output File: a:mS5t6.out 
Smoothed: a:m5t6.pdt Graphics File : a:m5té6.dat 


Fired on: 24 Nov 92 


FIRING REMARKS: 
Bill Aungst: Operator 


REDUCTION REMARKS: 
Reduced on 12 Dec 92 by W. Oberle 


IGNITER INFORMATION 
The Igntier Used Is : Black Powder Lot: FFFG 
The Source For The Igniter Is: Pellets, Milan Ord. 


IGNITER THERMOCHEMICAL PROPERTIES: 


Impetus (J/g) : 290.0 Molecular Weight: 66.37000 
Flame Temperai:ure (K): 2188.0 Covolume (g/cm?): .78500 
Density (g/cm’) : 1.75000 Gamma : 1.21840 


PROPELLANT INFORMATION 
The Propellant Used Is : MS Lot: RAD-64597 Of 1966 
The Source For The Propellant Is : Radford Army Ammo Pl 
Propellant Thermochemical Properties: Following Sheets of Output 


PROPELLANT GRAIN GEOMETRY 
Grain Type: 1-Perf. Cyl. 
Length --- (cm.): .574294 
Outer Diam.(cm.): .136906 
Perf Diam. (cm.): .040894 
Inner Web (cm.): .048006 


Bomb Information Gage Information 
Bomb Type : Closed Chamber Gage I.D. : C€14430 
Bomb Vol (cm?): 209.0 Input Voltage : 11.5600 


Constants For Fit: A+Bx+C*2 
A: -20157E+01 
B: -52474E-01 
C: —.12544E-06 


Temperature and Charge Mass Information 


Propellant Mass (g) : 73.4889 Igniter Mass (g) : 1.5000 
Initial Temp. Prop. (K) : 294. Igniter Temp. (K) : 294, 
Initial Bomb Temp. (K) : 294. 

Number of Propellant Grains: 5784.37 

Number of Wildpoint Passes : 1 Wildpoint Tolerance: 2.000 
Number of Smoothing Passes : 1 Smoothing Option : 1 
Bridge Length ace & 


FOI IIIT ICIS IGIDISIOI ISIS SII ISISIIIOI ISIS ISISOUIGUISIIOIISIOIIION III IO & 
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PES ESSE SLELSEEE SES ESSA SS ES SSE SESS AES SE SSS ES SESS SEE SSE SSR SEES ESE S ERAS SESE ES SSS SE 


Total # Layers = 1 

Chamber Volume (cm*) = 209.000 

Heat-Loss~Fraction (n-d) = .000 

Time Step (mil-sec) = .10000000E-01 Max Time Steps = 1200 

Convergence Criterion = .10000000E-04 

Computation Type (1=BURN<-RATE, 2=PTGEN, 3=SURF AREA, 4=INTERR BOMB, 5=ETC) 1 


PES PRESSE LSSLSES SLES SESE SSE LESS SSR SS EE SE SEE SELES SLES EERE SESS ESS ESE RES ESS ESSER SESS SE 


Beginning (1) of Layer End (2) of Layer 


HK KREMER KEREKREKKERKEKEEKEKEKEKREKKEKREKKEREKEREKEKKEKEKERKEKKEEEKKKEKKEKEASE 


Propellant Mass in grams 
WK RR KEKE KEKE RERREEEKEKEKKEEREKREERKEKKREKREEEKEREKEEKKKEKEKEKAEKEREEKRAKKKKKEK 


1 73.48890 
Ignitor 1.50000 
Air .19698 


KRIKKKAKEKEEEKEKEERKEKEKREKEKEKEKKEKEKREEEKEREKEKEREKEREKEREKEKEKRKEEKKEKEKKEKKEEKKKAAKEH 


Propellant Density in g/cm? 
TSEC STCSCSCICITCECCCACESESESASESSES ASS ESASELESESSSALESALELELESES ELE SES ESSE SEER SS ESS ESSE SS SE 
1 1.65000 1.65000 
Ignitor 1.75000 


PES SSC CSSLCCLSCLAAESSSCLESSSSSESASASALSSSELSSSEESLESES ESAS SALLE ES SESSE SSE SEES SESE SESS SSS 


Propellant Impetus in J/g 
PERSE ESELCESESAT SESE ETRE SEEASESESSESESAESSAESESSESES ASE ASSESSES ESSERE RESSESLE LSA ES SS Sf 
1 1093.00000 1093.00000 
Ignitor 290.00000 


PEPE SESE SELES ISSA TPES SLES SESE ESE SET ESSER ESAS ESE SE SSE SEE AS ES ESE SESE SSS ESE SSR SSE SS 


Propellant Flame Temperature in deg K 
RUKH EREKKEKEREKRKKEREKEKEKEEKEKKEEKREERERKKKEEKKEKKEEKEKEKEKREEKREEKKEKEKEEEKKEK 
1 3379.00000 3379.00000 
Ignitor 2188 .00000 


Pe eSSRASSESESSELESSES SES SSS LES ES ESS L SRSA SSR SES AES ESAS S SSE SELESEE SLE SLES E LESS SS SS 


Propellant Molecular Weight in g/g-mole 


HKG KKK KEKE KKK ERRKMREKEEREEKERKEKKREKKEKREKKEKKKEKCEKEKEKCEEKEKKKKEEKKEKEK 


1 25.70266 25 70266 
Ignitor 66.37000 
Air 28.90000 


KEKKHKRKEREKEKE KR KR KEKE KEREKEKE KK KEKE EKERKKKEKE KERRIER KEKE KEE KEKEKEKEKEKKEEKEKKKEKEE 


Propellant Gas Constant in cal/g-deg K 
HEE KEKKEKKREEKRKEKEKEEREREREKEKEEKEKKEKKRKEEKEREKREREKKEKEKEERKE AREER REKEKKEKKKKEKKKEKEEK 


1 .07731 .07731 
Ignitor 02994 
Air 06876 


KEKE KKEKEKREKKEKREKE KKK KHER KEKE KEREKKKKKREKKKKE KEKE KEE EKKEEKKKRRKKEERERKREKREKR 


Gamma (Ratio of Specific Heats) 
Lee eESRESELSEESESESS ESL SLES SESS ESS ESAS EE SESE S AES ESSE SSR SS SSS SSE S SER EPS ES RS ES SS 


1 1.22580 1.22580 
Ignitor 1.21840 
Air 1.40000 


KEREKERKRREKREREKKEKEKREKREKKEEKKEKEKEREKKEKRUEKREE KEKE KKK EKEKEKEKAEREKERERKEKKKE 


Specific Heat (Cv) in cal/g-deg kK 


REKKKEKKEKKEKEKEKEKRREEKKREKEKEKKKEEKREKKEEKKKKEREERKEKEREKKEREMRKKEKKEKEEKKEERREKKKEKEKE 


1 34240 34240 
Ignitor ~13709 
Air -17190 


REE KEREKKEKEREKKERRKKEEERERKEEKRERKEEKKKREKREEKEEEKEEKEERERERERRERKEREKKEKKAREK 


Covolume in cm?/g 
RHERKKRKERKKKEKKHUEKRRKEKRRRKKEKKEKKREKREKKEEKKEKREKERERERKEKKEEKEEERRKKKKRKEKKKKKKKEKAKEKKKE 


1 .98400 98400 
Ignitor 78500 
Air . 98000 


PeEceSELESESSLSLESEE SELES ELA LSS SESE SEER ESS SS SSS SESE REESE SE RCE SSS SSE SESS E LE SEES SS SG 
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Pressure 


4.000 
8.000 
12.000 


Rate 


.227 
744 
1.693 
2.480 
3.158 
3.929 
4.811 
5.054 
5.315 
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6.436 
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Pressure 


200.000 
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352.000 
356.000 
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380.000 
384.000 
388.000 
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